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I. TINTRODUCTION

A, Overview

In recent years, thé prices of agricultural products
have fluctuated widely. In part, these price movements have
5een the result of general inflationary pressures that have
plagued the economy since_the late sixties. A significant
portion of these price movements, however, 1s the result of
other sfructural shifts in the economy. Paramount among these
other considerations is the increased exposure of Americaﬁ
agricultural 'supplies to foreign demand. Oowing to the impre-
cision surrounding expected foreign demand for American agri-
cultural products, the domestic market has been caught off
balance on numerous occasions. Notable amoné these occasions
have been the Russian Wheat deals of the early sixties and
seventies. As a result of the increased demané pressures{ the
U.S. markets for'agricultural commodities have_shown an in-
creased sensitivity to domestic and foreign crop production
projections. The corn blight scare in 1971, for example, drove
corn prices up by over 30% in a few months before more accurate
information reversed the surge and prices retreated to their
prescare levels.

Although many such examples of markef responsé to in-
creased demand pressures and imprecise information can Ee

found, each episode is sufficiently different to deny the



formulation of a hérd and fast bromide to combat any such
futﬁre episodes. The reason.for this apparent intractability=:
when vie?ed in the large, lies in thé structure of the commod-
ities markets and thermultichanneled economic dialogue ghat
takes place within theg. When approached as a single message,
the signal frcm the commodities market; may easily be misgon-
strued as just so much noise.. In fact, the activity of the
connodities markets is a 1ogically structured process of
‘rational economié hehavior.

éommodities such as wheat ére traded in two different,
but interdependent, markets -~ the cash (spot) market and the
for&ard sales (futures) market. Commodities in the spot mar;
ket are traded primarily by those wﬁo produce, market, or pro-
cess foods. The spot nmarket is "cross—sectiénal“,’as opposed
to "temporal®, in that the role_of the market process is to
allocate existing suﬁplies across existing demands at a point
Ain time. The futures market serves to ai}ocate supplies to
demands over time. Commodities in the futnres mafket are
traded by both hedgers and sgeculators.. Hedgers, on the one
hand, tend to be owners of physical stocks that may sell for-
ward (hedge short) in order to protect their inventories from
an unexpected price decline, or may buy fo?ward (hédge long)
to cover a future commitment to sell. Speculators, on the
other hand, may or may not own physical stocks and sell or buy

forward (speculate short or long, respectively} in anticipation
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of reaping profits from a possible rise or fall in prices be-
vond what the market currently expects. VHeﬁgers often take a
position in the futures market opposite to their cash position
and may be viewed as traders in futures with access to the
cash market. Thﬁs, the cash and futures market are closely
related through the dual market activities of hedgers.

To the extent that the spot and futures markets have
accurate information, the market process in a free economy will
distribute rescurces efficiently across uéés and overrtime.
Obversely, unexpected éurges in demand or unusually poor
production forecasts will lead to inefficient rescurce alloca-
tions. Reporting delays, weather aberations etc. introduce’
inprecision and risk into both the spot and future markets.

In the futures markets especially, the "risks" associated

with forward contracting haveée been cited as grounds for abso-
lution of forwérd markets owing to possible price instabilities
arising from the unscrupulous actions of some speculators.
Paradoxically, it is the risk and uncertainty su:rounding the
future that gives rise to the "“soclal” benefits from a

well developed futures market. These benefits in the futures
market are the lowered costs of production, marketing, and
_processing owing to the redistribution of risk away from pro-
ducers, processcrs, etc., to those willing to invest in assets
with an uncertain future value. PThe consumer in turn may ben-
efit from lowered spot prices.

To be sure, any system may be abused by violating its

operating rules. Qur purpose here is not to assess the rela-
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tive immunity of different market processes from possible
abuse. Rather, our purpose here is to develop an understanding
of how the spot and futures;markets for agricultural commodi-
ties Qperate and interact, with special emphasis on the impact
of crop forecast information and international trade on the
coordination of the Unifed'states agticultural commodities '
markets and to estimate the benefits to scciety from improved
crop forecast information.
B. Problem Statement

At the heart of commodity price determination is the
acecuracy wifh which future demands and supplies can be fore-
seen. Here, two types of information are of special importance
to the coordination of domestic commodity markets: the accu-
racy of domestic crop projections and the accuracy of net
éxport forecasts.

Even when foreign net exports are not a large percentage
of domestic harvests and/or-stobks, the.infoimation about
their likely future preofile is markedly less available, accu-
rate and timeiy.than similar information about future domestic
demands and supplies. For this reason,kitlhas reen argued that
net exports often have a large disturbing influence on domes-
tic spot and future; price movements. In a similar vein, the
mofe accurate are domestic crop projections, the more efficient
(coordinated) the intertemporal distribution of supplies to
meet likely demands. Insofar as more aécurate crop projec-
tipns improve market efficiency, and improved market efficiency
réflected by an appropriately altered set of priges, improved 1s
information will be reflected in market prices. Reflection,
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however, is not .synonymous with useful understanding. More-
over, improvements may have occurred in_domestic crop forecasts, .
vet the impéct on prices maj have been masked by contempora-
neous, but unrelated, institutional shifts and/or other factors,
The purpose of this study is fourfold. First, to speci-
fy the generél interdepéndent structure of the spof and futures
marketg in an effort better to understand the market process
and the factors influencing it. Second, to measure the impact
of crop forecast improvement and net export demand on domestic
prices. Third, to develop an empirically supported formulation
from which to assess the benefits accruing to society from
improved crop projections. Finally te develop an empirically
supported formulation from which to assesg government agricul-

tural policy actions.

‘C. Scope of Work
. This study, qf course} cannot atfempt to tiertogEtherr
the myriad intricacies of the U.S. spot and futures markets for
agricultural commodities. Our aim instead is to use Occam's
razor judiciously to structure our effort in such a way as to
satisfy our goals without introducing large errors
and at the same time keeﬁing a watchful eye on the tractability
of our construdt. With this as our principal operating thesis,
we have aaopted the following conventions.
| First, we follow Samuelson [ 72 1 and develop aggregate
structures between groups built up from reasoning about indi-

viduals. That is not to say that our constructs may be viewed



with complete -dis;egard of . the differences between "macro"
.and “micro” patterng of beha#iorl Rather, it is to say that
market demand and supply structures can be formulated from the
tenets of microeconomic theory and provide fruitful results
withou£ serious problems of aggregation.

Second, a commodity is treated as homogeneous. That is,
no distinction is made as to the type of wheat or type of soy-
bean and differences in their nutritional values. Thesé dif-
ferences, though they exist, and uitimately are important, are
éecondary'to the main objectives of this study.

Third, foreign demand or supply are combined into net
exports and no attempt is made to develop separate models for
different regions ox countries. That is not to say that.the
present model does not‘consider factors that are dependent on
origin—des?ination paizs, such as transportation costs and per
capita food production. Rather, it is te say that these fac-
tors will be treated as exojeneous,to the mainstream of the
analysis.

Fourth, in order to shed light on the structural differ-
ences beﬁween long and short-run movements in commodity
prices, the empirical models distinguish between trend/cycle
and seasonal relationships.

Fifth, with minor exceptions, the structural .relation-
ships are linear, either as a direct statement ©r as an approx-
imation to a higher ordér relationship.

Sixthr the behavioral relationships contain a stochastic

residual variable reflectiﬁg the net influence of neglected

I-6



variables, meagurement errors, and the randomness in human
response or some combination of -these factors. These variables
are assumed to be indepeﬁdent of the variables determined
outside the model, independent of each other, and to have

stationary distributions over time.

D. Organization of The Study

Thé paper is organized as follows: In Sectien II, We
summarize our modeling efforts, policy conclusions, and recom-
mendations for further research. In Section III, we presen£
our genefal model of the domestic spot and futures markets for
a commodity. Here, the role'of expectations, information, and
net exports is set forth in the supply and demand structures
1describing these markets. our empirical results are presented
in Section IV. For this preliminary investigation, we focused
on domestic spot and futures markets for wheat and soybeans.
Estimafes of potential ERTS benefits to society and selected
policy issueé aré discussed in Section V. Included here are
estimates of the annual benefits of improved crop forecast
information on séybeans and wheat and how these improvements
may cffect government agricultural peolicies. 1In
Section VI, we preéent our general conclusions and recommenda-
tions for further research. Finally, a selected éet of

references is presented in the Bibliography..



IT. EXECUTIVE SUMMARY

Ouxr econometric investigation into the markets for agri-
cultural commodities is summarized here in three parts. The
first part is an overview of the effort including the objec—
tives, scope, and architecture of the analysis and the esti-
mation strategy employed. Second, the major empirical results
and policy conclusions aré,sét forth. These results and con-
clusions foecus on the economic importance of improved crop
foreéasts,ru.s. exports, and Qovernment policy oeprations 
Finally, a number of promising avenues of further investiga-

tion are suggested.

A. A Model of The Commodities Markets
1. Purpose and Structure

There were four general objéctives of this study:

@ To specify the general structure of the agri-
cultural commodities markets.in oraer to
better understand the market procgess with
special emphasis on the influence of crop
forecast information and foreign trade.

e To measure the influence-of crop forecasts
and net export demand oﬁ domestic agrieultural.

commodity prices.
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¢ To develop an empirically supported structure
. from which. to aéséss the market impacts of
government policy actions.

@ To provide information needed to weigh the
benefits of improved crop projections to
society, and to identify linkages and guide-
lines foé an analysis of the world commodity

markets,

The stﬁdy, of course, did not attempt to tie together
the myriad intricacies of the U.S. spot and futures marxkets in
order to resolve the above issues in minute detail, Data con-
siderations alone rule out such an ambitious task. Recognizing
'the‘empirical constraints on our mission, our research strategy
was aimed at robust findings and concluéions about major
issues; leaving moré detailed anélyses of secondary issues for
some future study. With this operating thesis in mind, we
integrated the three major analytical dimensions of the study
without loosing sight of our empirical imperative. The three

analytical dimensions at the core of the study are:

® The basic market influences and their avenues
of introductien. Here, tﬁe principal task was
to identify the wvarious factors acting through
supply, demand, and general economic conditions

on the spot and futures markets.
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& The Qrinéipal behavioral hypotheses and insti-
tutional characteristics. These relationships
and analytic constrﬁcts tie togetﬁer the various
market influences into a formal portrait of the
agricultural c@mmodities markets.

¢ The distinction between long~ and short—-run de-
cisions and patterns of market behaviox. This
distinction is crucial in order to weigh properly
the impacts and incidence of exogenous influepces

on the comnmodities markets.

With respect to fhe first dimensipn,‘the market factors
studied included\domestic consumpticn, net expo;ts, government
stoékpiling, domestic and f;reign préduction, stock adjustments
in the private sector, government parity price operations,
commodity substitutes and‘complements,.and_general.economic
conditions such as the availability of credit and the rates of
inflation on commodities and farm production items.

Naturally, the factors influehcing demand and supply
were Set-fofth separately for the.spot and futureé markets.
Although both markets have many factors in common, there are
three notéble exceptions that warrant some comment here.
First, the futures market, unlike the spot market, 1is subject

to institutional constraints on market price fluctuations.

Secondly, the spot market is concerned with the spatial
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distribution of known supplies among current demands while the
. futures market is concerned with the intertemporal distribu-
,tion of ungnown but expected future supplies aéainst expected
future demands. Thus, factors influencing expectations, such
as crop forecasts, will havé a primary effect iq the futures
market but an indirect effect in the spot market. Third,
futurés contracts entered into may not be covered. That is,
each futures contract entered intec may not be matched by an
equal and offsetting futures contract or fulfillgd by delivery.

These characteristics make an analytical distinction
between the spot and futures markets imperative. To be sure,
"the two markets are interactive since future purchases or sales
ﬁay be viewed as substitutes or complements for current pur-
chases or sales. However, some "staging" of the‘commodities
markets is necessary; not only to get a dlear‘picture of how
and when‘the various market participants react to, oxr influ-
ence, the actions of others, but also for the tractability of
the model.

The hehavioral hypotheses invoked to tie togeth=r the
various market factors into a portrait of the cgmmodities
markets fall into-twé broad categories: general economic con-
cepté that are not intrinsic to the commodities markets and
constructs specific to these markets. The general assumptions

include the following:
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-¢ Investment decisions are based on both
return and risk considerations,

‘@ Intertemporal decisions are based in part on
on expectations and these expectaticns may
be influenced by known technical forecasts
of physical outcomes.

© The rate of change in prices 1is determined
by imbalances between supply and demand.

o Futufe values are discounted back to the

present.

The hypotheses intrinsic to the commodities markets
include:

e Futures prices on average tend to be reliable
estimates of what should be expected on the
basis of available information concerning
preseht and future demand and supply. However,
these prices may not refléct market expectations
at each point in time owing to technical
rigidities in the markets' respoﬁse to cﬁanges
in information on sﬁpply and demand prospects.

@ Futures prices change in response to market
imbalances between short hedging and long

speculation.
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o Intertemporal price spreads reflect, in part,

the costs of storage and decay.

Finally, with regard to the third dimension; we assumed:
¢ The causal stxuctures ©f long-run patterns
of behavior axre distinct from their short-

run counterparxts.

Within this frameﬁo:k, the numberxr of.possible analytical
constellations or specific models that can be constructed is
encrmous., Moreover, as illustrated in Figure II.1l, the number
of iﬁteractions contained in any oné collection of hypothesized
‘structures, factors, etc., is formiﬂable.l As can be seen, each
of the major dimensicons or axes is further reéolvéd‘lea§iﬁg to
a virtual "curse of dimensionality".

In keeping with our operating thesis, the myriad possible
relationships have been combined into more general constructs
that transmit the major analytical dialogue between the various
market fofces and factors, It is from thesé foundations that
the empirical effort was launched.

The préduct oflour blending of behavioral hypotheses and
market influences is summarized in a sizeable set oﬁ equations;
identities, and constraints. The full siﬁultanecus ihteraction

of this model is set forth in the main body of the study and a

detailed redescription is beyond the écope of this section.
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However, the ddminant characteristics of the model are por-
trayed in the flow diagram presented in Figure II.2, Hére,
. the principal structural linkages and directioﬁs of causality'
that define the architecture of the model are illustrated.
The lines connecting the major variables of interest indicate
the structural linkages, and the arrows denote the major di-
rectionS‘of influence or causality. The simultaneity of the
modél can be verified by starting at any point {variable} in
the mainstream of the model .(any one of those variables de-
termined within the model}) and following the arfows full
course through the mocdel back to the starting point.

for the most part, the flow diagram does not illustrate
ghe‘numerous exogenous influences that feed the various
structures. The exceptions to this pedagogical étylistic
are the major "policy" wvariables. Thesefvariéﬁles are govern-—

R . +
ment exports, qu, government domestic purchases G( J

(=3

sales G-~ ', Gq, and United States pepartment of Agriculture

-for

crop production forecasts, G.

In Figure II.3, the analytical "bottom line®" of the model
"is illustrated with respect te the major policy variables.
The dotted lines repfesent indirect connections between the
associated variables. The solid lines denote direct impacts
free of intermediate actions and transformations. As can be
seen, factors influencing net private exports influence current

3pot, or cash, prices as do government CCC loans, purchases,
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and sales. Crop forecasts enter the futures market directly
as a driving force behind ﬁa?ket expectations, Thése-fore—
cases,:in.turn,'influence.the cash market indirectly through the
influence of futures prices on the spot market. The empirical
objectives, of course, were to measure the timing and respons-
iveness of domestic prices to improvements in crop forecasts
{reduced error Gariability), government CCC operations, and
changes in the international food situation.

2. Estimation Strategy-

Estimating the model presented a number of practical
and methodological difficulties. The so-called practical prob-
lems centered around the data reguirements. In order to dis-
tinguish between long- and shért-term pattefns of behavior,
data with a monthly freguency were selected; However, many oﬁ
the data series were inconsistent cr non-existent. In the
latter case, representative monthly series wére constructed
from gquarterly data using accounting jidentities and/or linear
prorating schemes. In the former case, the most important data
construct was a futures price index; There are a number of
different futuresg prices for a commodity, each distinguished
by the contract date. However, the Volumelof futures contracts
is feported as a total figure and is not distinguished as to
these contract dates. This inconsistency, of course, makes
some form of "price index" a necessity. We did not attempt to

develop an optimal price index here. Instead, the generally
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accepted "near futures'" price was employed as thé representa-—
tive price.

In addition to the problems of data construction, three
methodological issues warrant some mention. First, the ident-
ification of, and distinction between, long- and short-run
patterns of behavior. Secondly, the identification of the
dynamic structures to be estimated.. Finally, the interdepend-
ence of the structures and their simultaneous estimafes.

a. Frequency Band Model Building:
The Distinction Between the Long~ and Short-Run

The medel bresented in the preceding section
nust bhe specifiéd with respeet to the lenéth-of the decision
interval under cénsideration (days,-weeké, etec.}. Decision
rules conventionally are defined relative to a specific time
horizon since the causal structu;e of the deciéién process may
differ with these various time pérspectives. 'Thealatter
assertion, of course, follows directly from'the‘tenets of
microeconomic theory where the distinction between the long-
and short-run is, for the most part, the number, way, and type
of variables that enter a firm's or consumer's criterion ‘
function. Dynamic considerations suggest an additional point
of equal importance: a change in the deciéion perspéctive may
completely alter not only the nature, but also the direction

of causality.
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Following, at least in spirit, the approach
taken by Labys and Granger [49], and‘suggésted by Granger and
Hatar.aka- 1221, each variable in.the model was separated into
a long-run trend/cycle component and a short-run, seasocnal,
and irregular component. Long-run trend/cycle and short-run
seasonal and irregular models then were estimated separately.
The complete time series profile of the model was obtained by
combining the two distinct "freguency-band" models after their
estimation.

Following generally accepted practice, moving
averages (the low-pass filter) were employed to isolate the
trend/cycle movements. Seasonal movements were then cbtained
by subtracting the trend/cycle component from the original
$eries in each case, with the appropriate deletions made at
the ends of the series, This approach, éf coﬁrse, bears some
family resemblance t2 more common ratio—to-moving—average
' filtering techniques, such as the Census X—illmethod, but does
yield slightly different time series content. The results of
the filters we did use were carefully checked using spectral
technigues and were found to isolate the "targeted” oscilla-
‘tions without disturbing other oscillations or introducing
spurioué ones.

b. Dynamic Structures and Their Estimation
In economics, the relationship between an im-

pulse and a response rarely is instantaneous. Instead, the
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response tends to build up over time. Typically, theée "dyna-—
mic" relationships are explained by-some combination of both
lagged dependent variables and distributed lags on other ex-
planatory variables. 0Often, either of these lég structures
contain an infinite number of parameters. However,lfor prac-
tical purposes, these-relationships must be replaceé by "par-
simoniocus"™ finite parameter approximations. In thié regarg,
we followed the approach of Box and Jenkins [ 6] to identify
the trend/cycle and seasonal relationships.
¢. An Approach to System Estimation

Ag noted earlier, the model develcpea includes. .
a number of jointly dependent variables in the structures.
That is to =say, many of the wvariables to be "explained" are
explalned in part by ofher variables to be explained. 'These
interdependencies can lead to serious estimation problemé if
single equation estimation methods are used [587.. Howevér,
not all system estimation technigues were egually desirable.
Popular estimation procedures such as two staée lease squares
[58] and similar appreocaches reguire the use of so-called
"reduced fdrm“ equations. For medium and larger sized modeis,
these reduced form eguations can be mammoth regressions that
exceed the available degrees of ffeedqm, i.e., there are more
"things" to be explained than there are pieces of information
to explain them. Moreover, even when there are sufficient

degrees of freedom, these methods often require an heroic
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number of zZero correlation assumptions [ =3} and/or introduce
severe problems of multicollinearity: either of which can in-
Qalidate the estimation resglts. Beéause of the large number
of variables in the model, it was necessary to use a method
that avoids the shortcomings mentioned above, and yet provide
statistically acceptable results. The method chose% here was
the Fixed Point approach of Wold [538,9 ]. 1In essence, the
Wold approach avoids the reduced fofm equations and estimates
the structural parameters within the structures, using an

interative least squares procedure.

3. Empirical Results

Following the estimation strategy outlined above
the soybean and wheat models wére estimated using monthly data.
In Tables II.l gnd IT.2 the major impulse response elasticities
in each model are summarized. The elasticities represent the
net impact of a response overtime and are separated into the long-
run/trend cycle and short-run/seasonal irregular impacts and all
are statistically significant at the 10% level, In general the
statistical results are most encouraging. The sguared correlation
coefficients on the trend cycle eguation all exceed 30 per cent
and the series of estimation residuals do not exhibit statistically
‘significant serial correlation. For the eétimatiné equations.for
the seasonal movements all have sguared correlation coefficients
in excess of fifty per cent and with one technical exception have

serially uncorrelated residuals.

I1-15



E;I EI{)‘fil rI‘{th{)III()

9T-I1

aoudny

00d

ﬁgm 40 ALITIEION

——

TABLE IT.1l

FUTURES MARKET FOR SOYBEANS

COMPENDIUM OF LONG- AND SHORT-TERM ELASTICITIES IN THE SPFOT

Responoa

o

A

stic Doemand

=Aah

Frivatoe Siocks

Froducuion

-La s

Short Hedhging

=l

B R

[ Betrs ]

Srmeulakion

tiexr Future Price

Qb

Bot Private Exports

Private

: Domasbic Demand

~2.30

Etnrt tledaing

330

ey Speoulationg

- Yutures Price

L

-lL4 0

LT

-.oﬂ 4,02

| I

|




[ PR

-~ g{?g

M
pud

TABLE IXI.2 COMPENDIUM OF LONG- AND SHORT-TERM ELASTICITIES IN THE SPOT AND
FUTURES MARKET FOR WHEAT '

nyd T
D

o ¥
J0 AL

Yy

FHL

Vv

=

H Lerny Tazrm:

!

[l Men Trivate Pxpores

~J - -

. Privave Domestic Domand 1 S u a
Private diouks du] 8 1o - Y Y
Pradugtian 1 31 .82 0 '
Shart Huidging 193 ! ol .37 Lt
Lone smoculation 1 B R | a 9 [ 0
Hear Puture 'rice R I ¥
shors Torm:
" t]
Webt Privote Exporta
. 1
Peivate Donestle Damand
Lo Steois L RL] 1fe0r 2236 110 -156
H PR R I

Short Hedging : a5 1 n A 0 »
Lang Specwlations ' 3 0 9 0 ) 3
tear Uutures Prico FO6 Je06 1




From the estimation results obtained the following con-

clusicn can be made: -

e fhe general structure of the spot and futures =
markets for agricultural commodities are very
similar as indicated by the elasticities
presented in Tables 1I.l and IT.2. That is
not to say that the impulse response relation-
ships are identical but rather that the ]

stfuctural lipkages are similar as hypothesized.
¢ The accuracy of crop forecasts, as measured
by fﬁeir'error variation, exert a statistically
sigﬁificant influence on the futures market in
both the long- and short-run.
© Heéging acéivity is closely related to rhysical
_ stocks of agricultural. commodities. ’
e Movements in cash or spot prgées are closely
.related'to movements in physical supplies.
o Net private exports are highly responsive to
U.s. Prices and per capita foreign fo;d
production.
® Domestic private demands for wheat and soybeans
are responsivé to the spot prices for £hose
commodities. )

® Production of soybeans and wheat 1s responsive

to both cash and fuiures prices.
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Priées of commodities move directly with crop
forecast accuracy. That is increases in forecagt
inaccuracy lead to higher. . commodity prices, ceterus
‘paribus and obversely,imnprovements in crop fore-
cast accurécy lead to lower commodity prices.

. tﬁegty fgvé per cent improvement in the accuracy
of soybean and wheat crop production forecasts,
promises tens of millions of dollaré.worth of
benefits to society.

Improved crop production forecasts will not Impinge
on U.s. go#ernment dogestic agricultu;al policy
-objectives and operations. - In fact, improved

crop forecasts will enhance fhe gsoundness éf those
obhjectives and the precision of these operations.
Domestic production ié-very respoﬂsive to prices
%nd increases in foreign demand will'cfeate'upward
pressures on prices. '
Foreign demand f;r U.5. soybean 'and wheat closely

reflects foreign per capita food produdtion

Reguiar seasonal patterns exist in the futures
markets for soybeans and wheat.

i Improved estimates of foreign food prbduetibn used
wisely by all trading parties can lead to “pareto
optimal" exchange wheré neither party is worse off

and at least one party is better off.
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0 Failure to discriminate, or uée wisely, accurate

foreign crop production forecasts promises future
‘reenactments of the fpareto suboptimal" wheat
transaction between thé United States and the
Soviet Union.

o Long~term credit availability is an important in-
fluence in the commodities markets and is influenced
by inflation and the factors influencing the rate
ﬁf inflation.

B. Policy Conclusions

In addition to the specific conclusions presented above
there are at least two important pelicy conclusions that warrant
séecial mention: these toéics are the value of ERTS improved
crop forecast accuracy and the impaét of ERTS forecasts on U.S.
government agricultural policy oﬁerations and planning. Each of
these are summarized in the following parvagraphs.
| 1. The Value of ERTS Improved"Crop Forecast Accuracy.

In Chart II.4 the improvement of EﬁTS crop forecast

accuracy 6ver current systems is illustrated. Conéervative
estimates placé the ERTS improvement at 25 per cent.over current
projections. Using this assumption benefits estimates were

calucated using the elasticities in Tables 11.1 and II.2

together with 1973 prices and gquantities as illustrate in Figure. II.4

The calculatien of these benefits are illustrated in Figure II.5.
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The estimated benefits measure in the tens of millions of
dollars for both soybeans and wheat apd are prgsenteﬁ in Table
TI.3, The upper bound estimates correspohd'tb the direct
conéumer benefits using the estimated elasticities. Tue lower
bound benefits ére the direct benefits to the conéumer using
the elasticities based on estimation coefficients two standard
locations away from the estimated value. Although the lower
bound benefits values are not 1argé tﬁey are substantial.

-2. Crop Projeétions and Coordinated Policy Actions

A common domestic objective of the government;

operating through the CCC, is to ensure a paxity price for cextain
agricultural commodities such as wheat.rAThe basic operating rule
for the CCC 1s to purphase a commodity when the market price
threntens to fall below parity and sell the éommodity when prices

have surged beyohd some predetermined upper limit. These actions.

Table II.3 Estimates of Annual ERTS RBenefits (Based
on Likely Reduction in Crop Production
Forecast Error Variation as Determined
by D.B. Wood 1927.

Annual Benefits
Crop Lower Bound Upper Bound
Soybeans ) | $ 71 milil | $337.mill
Wheat . . 35 mill . 212 mill
TOTAL : /§106 mill $549 mill
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by the governmeht serve to increase demand in the former case and
increase supply in the iatte?. Ceterus paribus, the results in
turn exert upward or dewnward pressures on Qrices, respectively.
'Market prices, however, also reflect exprected demands
and expected supplies. Becéuse crop forecasts, and therefore
expeéted supplies, change from month to month és thé harvest
drawsrnear the government nay be buying one month and selling
the next in response to changes in market expectations owning to
changes in crbp.forecasts;

To the extent. that forecast errcrs manifest themselves
in su?rious price movenments, the_governmént will buy and sell the
affected commodity to keep its price within bounds. Thus the
'éovernment act to insulate the market from forecast "noise".

" Obersely if the forecasts were perfect the foﬁerﬁment still may
enter the market to offset any demand-supply inbalance vis a vis
desired prices. ERTS infdrmation of course will not alter these
operatingArules. The impact of ERTS ip the context simply will
be to reduce the "noise" the government must filter ffom the
system. -Thus, ERTS improved forecasts.may exert a passive in-
fluence on government domestic operations. However, thexe is one
way in which the ERTé noise reduction may enhance governmenf
policy operations. Every reduction in market noise only improves
the government's view of the market and therefore helps the
government design and implement better and more efficient agri-

cultural policies.
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The most. recent Russian wheat deal illustrates the
importance of a world wide mohitoring system and how such a

system can assist U.S. agriculture export policies. In early

to mid 1973 the United S5States oPened'its wheat supplies to the
Soviét Union. Af thié time it was known that the Soviets would
experience a serious short fall in ﬁhgat production. HoWevgr,.
fhe size of the éhort fgll and the potential purchase was not
known to the market. Reéognizing.the economic value of an un-
informed well intentioned trading partner?the Russians moyed
swiftly and purchased millions of tons of wheat for future de-
livery at prices that reflected the market's ignorance. ?odn

after the massive Russian entry into the market U.S. domestic

prices soared to record levels.

-

'In its negotiating with the Soviet Union the United
States government.expeéted SOVié£ purchases of ﬁp to lﬁ million
tons. The elasticitieé presented in Téblé Ii;2;%nd rased on
1960~1971 data, suggest that such a massive increase in demand
would.raise prices by almost 100 per cent. 1In fact the Soviets
contracted for 10 million tons of wheat in less than a ménth—and
went on to purchase at least an additional 2 million tons. Had
this market impact been known by the United States the Rugsian
entry inte the market could have beeﬁ phased over a';onger periecd.
In this way the market could have adapted to each Soviet bid
and, as prices rose, the Soviet appetite may-have been curbed.
At the least, thé Soviets would héve shared the first
operational costs of .detente.
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On the one hand the new round of inflationary
pressures brought on by the Russian wheat deal, c¢ould have
been reduced through the intelligent scheduling of the Soviet
entry into the market by the U.8. trade negotiators. On the
other hand, even if the U.S. trade negotiators weré not wise to
the likely market impaét of such a transaction the market was.
The problem here, of course, is that the U.S. trade negotiators
and the market did not have accurate estimates of Russian de-
mand i.e., we did not have accurate estimates of the short fall
in the Russian harvests. Had this information beeﬂ available
to the market, anﬁ the U.S5. trade negotiators, the ﬁarket could
have taken a realistic bargaining pesition. It is clear that
ERTS type information, together with knowledge of the marketl
and intelligent bargaining could have satisfied Russian demands

. without full subsidization by the American consumer.

c. Recommendationé for Further Research
The operating thesis of thié study was to focus on
major issues and robust findings; leaving important but secondary
issues for future research. Among the most important of these
jssues and problems are the following:
@Owihg to the interdependencies between crop
production decisions and between crop
consumption decisions a full compiement of
agriculture of commodities should be studied

in detail.
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eBecause individual crops vary in quality,
harvest time and final use, considerable

attention should be directed toward these

intensive issues to better understand the
incidence of societal benefits from ERTS
for eéch Crop.
eDifferences in tastes, soil fertilify and
harvest time all suggest that foreign
demand for U.S. agriculturai commodities be
investigated with much greater detail so

as to assess properly the benefits of ERTS
to all trading partners.

‘@Further work must be done to impfove the
gquality of the current data used fof
empirical estimation.r Here improved
sampling procedures and more complete and
highlf resolved records are most important.

@The channels of communication that transmit
producticon forecast data to the market should
be studied in detail so as to properly assess
the value of timeliness in crop forecast

information.
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eThe competitiveness of the domest;c margets
for agricﬁltufal commodities should be
studied in order to identify possible
information bottlenccks.

Each of these issues is a majeor topic in itself and
their absence from this study only serves to diluté its
potential. Nevertheless, the findings are substantial and
argue strongly for the implementation of an ERTS system.

To be sure, the substantial benefits from ERTS may not be
realized owing to the unscrupulous acts of those who would
restrain trade for private gain or becausé the information
from ERTS 1s not used or disseminated wisely. Ignorance

and wanton abuse, of course, are not reasons to refrain fromn

implementing an otherwise beneficial system.
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ITI. THE COMMODITIES MARKETS:
A FRAMEWORK FOR ANALYSIS

in the following paragraphs, we present a general model
of the domestic spot and futures markets for agricultural
commodities. Our objective.here is to develop a practical
understanding of these markets, with special emphasis on the
impacts of ‘information improvement. and net exports, in order
to provide a systemati; framework for empirical measurement
and policy analysis. The section is presented in three parts.
First, we present the strpctures dqscribing the spot market.
JNe%t, we summarize the structure of the futures market.
Finally, we discuss the linkages between the two models and
5oin them into a simultaneous system.

Before turning to the structures of the spot and futures
markets and their interaction, we first set forth the heritage
of the present modeling effort. This heritage has three major
dimensions: the basic market influences and their avenue of
introduction, the principal behavicral hypotﬁeses postulated,
and the distinction between leoeng- and short-run decision in-
tervals.

With respect té the first “"dimension", the basic market
influences may be divided into four distinct categories:
those acting through demand in the spot and futures markets,
those acting through supply in those markets, those acting

through macro economic conditions, and those acting through
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the structure of the spot and futures mérkets, Table IXI.,1
summarizes the major factors that have been associated with
each of these categories. The structural location and role of
these factors are specified in the models to be presented.

The impact and interpretation of the measurable influ=-
ences listed in Table III.1 depend, in-part, upon the behav~
ioral concepts that transform them into a "positive" or de-
scriptive model of economic behavior in the spot and futures
markets. The major hypotheses drawn upon in this study are
presented in Table III.Z. That is not to say that the présent
effort has attempted to test each of these hypotheses individ-
ualiy. Rather, that these notions are not mutually exclusive,
each contributes to the structural character of the model, and
-£hat any reasconable model should be general_enough to accommo-
date these elements.

Finalliy, thé architectural design of thé model has been
fashioned, in part, from earlier empirical results [49]. Fore-
most among these guidelines are the modeliﬁq rules listed in
Table III.3. Here, the most promising methodological approaches
are categorized according to the length of the decision inter-
val. In all, four decision intervals are presented: davs,
weeks, months, and quarter vyears or longer.r It musf be noted
that we have not attempted to construct a different model
corresponding teo each of the four decision intervals presented

in Table III.2. However, using monthly data, we do make an
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Table ITI.1 Compendium of Market Influences?*

1. Acting Through Demand

a. Domestic consumption

b. Exports

¢. Derived demand for final products

d. Government stockpiling and aid programs

e. Demand relatives such as the prices of substitutable
: commodities or substitutes resulting from innovation

2. Acting Through Supply

a. Production

b. Stocks

¢. Weather

d. Government subsidy and crop-control programs

e. Supplv relatives such as the production of substltutable
comnodities or innovation induced increases in production

3. Acting Through Economic Conditions

a, Business conditions as reflected in dindustrial production,
unemployment, and the general price level ‘

b. Credit conditions which define the availability of loans
for speculation or commodity storage

4, Acting Through Market Composition

a. BSpeculating
b. Hedging

#Source: Labys, W. and Granger, C. W. J., Speculation, Hedging and
Commodity Price Forecasts, Heath Lexington, Lexington, Mass. 1970.
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Table IIT1.2 Compendium of Analvtical Concepts*

Specific Concepts

General Concepts

1. Open-Contract Concept:

2. Hedging-Market Concept:

3. Multipurpose Concept of Hedging:

4,

5.

Price-of-Storage Concept:

Concept of Reliably Anticipatory
Prices:

. what. should be expected on the

.and .future demand and supply, but

Futures markets =erve primarily
to facilitate contract holding.

Futures markets depend for their
existence primarily on hedging.

Hedging is done for a variety of
different purposes and must be
defined as the use of futures
cantracts as a temporary substi-
tute for a merchandising con-
tract, without specifying the
purpose.

Storage of a commodity is a ser-
vice supplied often at a price
that is reflected in intertemp-
oral price spreads. s

Futures prices on average tend to
be highly reliable estimatesg of -

basis of contenporarily available
information concerning present

may reflect these expectations at
each point in tine owing to tech--
nical‘rigidities in the markets'®

response to changes in information
on supply and demand prospects.

1. Portfolio Section:’

"Investment" decisions are based
in part on both return and risk

considerations.

2. Expectations:
Intertemporal decisions are
based in part on expected
economic phenomena.

3. The Rate of Change in Prices:

Prices change in proportion to

‘the imbalance between supply
and demand.

4. The Length of The Decision Interval:
The causal structures of long-run
patterns of behavior are distinct
from their short-run counterparts.

5, Future values, are discounted back to

the present.

Market-Balance Concept: .

" Changes in futures prices are

attributed; din part, to a lack of
‘balance between short: hedging and

leng, speculation.,

*Adapted in part from Holbrook Working,

Markets and Prices", American Economic Review,

"New Concepts Concerning Futures

52 (June 1962).
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Table III.3  Decision Interval and Modeling Approach

Decision Interval

Approach

Days (Intra Monthly Frequency)
Weeks {Entra Monthly Frequenc?)
Months (Intra Quarter and

~ Annual Frequencies)

Quarters ox Longer (Semi-Annual
: or Longex
Freguencies)

Random Walk*
Random Walk*
Systematic and Seasonal Behavioral

Components together with a Random
Component*

" Trend/Cycle and Seasonal Behavioral

Relationships plus a Random
Component**

*Source: Labys, W.C. and Granger, C. W. J., Speculation, Hedging and
Commodity Price Forecasts, Heath Lexington Bocks, Lexington, Mass. )

1970, p.205-216.

*%See for example, Houck, J. P., Ryan, M. E., Subotnik, A., Soybeans
and Their Products: Markets, Models, and Policy, University of

Minnesota Press, Minneapolis, 1972. Chapters 5 and 6.
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effort to distinguish between long=-run trend/cycle and short-
run seasonal and irregular ﬁétterns of behavior in keeping
with the guideiines presented in Table III.3.

With.these influences, hypothesgs, and decision inter-
vals defining ﬁhe'bounds and directiens of our investigation,
we now are.ready to set forth our structures of the spot and

futures markets.

A, The Spot Market

The analytical foundation of our model of the spot mar-

ket is presented in four parts. The first segment describes

the demand side of the model, The second part summarizes the

'supply side. The third segment lists the necessary market

clearing equations and other constraints. . Finally, the entire
épot market model 1s summarized. .
1. The Demand Block
Fol;owing the tenets of static economic theory, the

domestic private demand for a good or service at any point in

time will be a function, in part, of its own price, the prices

of substitutes and complements and selected other variabkles

that typically define some constraint(s) on that demand.

- . (i) . : :
Denoting these prices P - yi=31,...,1 and thesdther ::variables

1. Government demand 1s considered in the market clearing
equations.

ITI-6



X(v),v=l,...,v, the demand relationship for commodity (3j)

DD (3
q(j)

N can be written,

in the spot market at time ¢,

Db _(3) 1 I 1 v :
= R Tl SuPI + ‘
e Dl({t' SR A _’X;> Uier (L

where is a random "residual".

Ult
Insofar as a future commodity T +time periods in the
future may be viewed as a substitute cr complement for the
same or %nother commodity‘today and dealers in the spot market
may elect to go into the futures market, a realistic modifi-

cation of Eguation (1} would be to include the discounted

prices of all relevant commodities at that future time,

Pt et assuming those prices were known. With these modifi-
L4 .

cations, the typical intertemporal demand eguation would be of

the form,

DD (3} 1 ' r =1 -1 a
= . P ... .
e Dzéi’ PPy err P et
1 v e
ht""’X;D + Uy, . (2a)
where U2t is a random residual,
—(i) (i) -T '
= P + 2b
P tar = Fo,perFFEE - (2b)

and r is the rate of discount.

2. See comment six in Section I, page I-6 .
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Private and government (CCC) exports and impoxrts for a
commodity can be accommodateé by a single relationship. Here,
CCC et exports are treated as exogenous to the model and a
positive guantity denoctes an export and a negative gquantity
denotes an import. Owing to the wider range of markets,
private net export demand for a commodity will depehd not only
upon the variables included in Equation (2}, but also on com-
peting world market prices, transport costs, purchasing power,
and tariffs, among other factors. Using wvector notation, a

typical total "export demand" equation may be written,

px_(§) _ - W o-w 6xX _(3) '
LR D36t’Pt+T'Pt'Pt+r’YD oAt T Ugye (3

quéjl is net CCC exports, P and P are vectors

where N e+ T

of current and disceocunted futures commodity prices in the

. ; . W =W -
United States market respectively, p' and P - are vecg-
‘ t t,t+T

tors of currént and discounted futures "world" commodity prices
adjusted for net tariffs and transport costs, Yt is arvector
of other influential factors such as foreign per capita incomne
and past per capita foreign'commodity supplies,_and' th -is.a
random element.

Bgfore turning to the stock adiustment mechanism, some

—TT

further comment on Pt+T is warranted., The "true" world price
that competes with our domestic price for a commodity can be

better approximated by adding to it the averaye net increment
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in costs owing to lower {(higher) U.S, tariffs relative to the
rest of the world and a similar term for transport cost differ-

ences. For our purposes, thete unit cost adjustments will be

" approximated by,

TF(J) = (Average U.S. tariff cost per unit -
Average rest of world tariff cost, (4}
per unit),
and
TR(J) = (Average shipping cost from U.S. per

unit - Average rest of world shipping (5}
cost per unit),
depending, of course, on market origin and destination.

The expected value of these costs at time {t+1) are
~assumed to be the same as théir value at time &, 1.e., a
“no c¢hange" hypothesis, owing to the imperfections in the
disseminations of information on a world-wide basis.

Coﬁbining these considerations, the spot and disceunted

futures world prices for a cemmodity would be,

\ 5‘; = [P: + TF_ + TRt] | | (6a)
and ‘ | '
‘ET’LT = \:P‘EH + TF, 4 TRt] (1+x) | (6b)
respectively, where P:+T- denotes the undiscounted.worlq
futureS'price'unadjustéa for TF. and TR. The‘empirical

specification of the indexes .TF and TR are.presented in

Section IV.:
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The domestic stock of a commodity introduces dynamics in-—

into our model in the classical Nerlove tradition [60,61]. The
. . . . . D_* (3} .
desired domestic private stock of commedity (3}, St is

assumed to be a function of the actual stocks of other commod-

g (1)

& ,inl,...,I,i#j, the current price of commodities

ities

in the U.S. commodities market, Pt' and discounted futures

prices, Pt £+T, adjusted for marginal storage costis, C.
! .

This function can be expressed,

D.*{(3) 1 I = '
= 7
St S1 St' ’St'Pt’Pt,t+T Yse (7)
where
: T
= (1-6)
P = 2= p -CT, (8)
t,t+T (l+r)T t,t+T

§ is the decay rate, is the unadjusted futures price

P

t, t+T

and U?t is a random.
Following Nerlove, the relation between actual and de-

sired levels of domestic private stocks is assumed to follow

an adjustment process of the form,

D, (3)Y _ {3) (D *{3)} _ D_(J)
A st = (:st st_;> t Uges ‘ (2)

where ADSéj) = Ds(j) - DS(j) and U is a random disturbance.

t t-1' 9t

Combining (7)), (8), and {9), the typical stock level

equation would he,

D (3) _ (3 1 T 5 (1., (3T\DP (1)
S¢ = Sl(%t"'"St'Pt’Pt,t+;>+\i ¥ :)Stal+ulo,t (10a)
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whe;e UlD,tﬂUQt'

It must be noted tha£ storage capacity and its long-term
‘dynamiés are included implicitly in (9). Althéugh short-term
capacity shortages can have serious impacts.on prices, these
problems lose much operatioﬁal significance in the context of
government stockpile (and éxport) operations designed toc main-
tain agricultural price stability. To be sure, domestic stor-
age capacity then becomes an important determinate of govern-
ment operations. However, these government decisions are en-
tertained outside of the empirical model and are discussed in
our policy analysis.

It also should be noted that the total stock of a commod-
S(j)

ity, Ds{j)

o ' consists of the sum of private stocks N plus
governmnent stocks GSéJ). That is,
(1) - D,(3) G. (1)
S¢ = s+ s (10b)
G_ (1) . , :
where St is exogenous to this model.
Finally, total demand is given by the identity,
p_(j) - DD _(3) DX (3] G (3}
= + .
9. q, + 9y 4y (10€)
2. The Supply Block

In this subsection, we outline the basic relation-
ships describing the production of agricultural commodities in

the U.S. The supply from foreign sources already has been

considered in the next export demand Equation (3) and will not
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be repeated here. Following standard practice, domestic pro=-

duction SDqéJ} is decomposed into'harvested acreage

(3)
t

a3
t

times vield ¥ and separate relationships are developed
for eacﬁ.

In general, the production of commodity (3} ‘at time t,
Dsqéj}, is assumed to be a function of the price of commedity
(7)), +the prices of substitutes and complements for that com-
modity, and the prices of factors of production, such as fer-
tilizer, etc. However, three such sets of these prices must
be considered: lagged, expected, and actual prices. Lagged
and expected prices must be considered so as to capture the
influence of past returns and expectations on potential pro-
duction, respectively. Current prices must be considered so
as to capture fhe "harvest" decision which may lead to the
harvesting of some fraction of the "potential®" harvest abreage
and, therefore, result in actual production being some fraction
of potential production. Thé first two sets of prices together

are assumed to determine the desired harvest acreage and yield

for commodity (J):

() W/~

Be *}{r<%t-T,t’Pt—T,t;;)' (}l}
*(5) _‘Sf’ — | | |
Ye - [<EtmT,t'Pt—T,t—E>' (12)

=
t-1,t

and

where is a vector of discounted commodity and factor

prices expected at time t-t £for time t, and F is

ITI-12
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a factor of lagged actual prices. {11} and (12} represent
the‘farmer's expected profitimaximizing decisions as of time
t-1t for time t.

Folléwing Nerlove, [62, 64, 651, the actual or observéd
change in harvested acreage'at time ¢ is assumed to be a
linear funétion of the desired change in harvested acreage {a
measure Qf-the potential speed with which this adjustment may

take place) and current actual prices. That is}

(3) _ _(3Y/o*3y_, (3)
bag™ =Y, Gt At—D+f3<Pt>+Ul3,t' (13)

o (3)Y (3D .
where AAéj) At At-l and U13,t 1sla random element.
Combining (11), (12), and (13), the actual production of

_gommodity (3} at time t would be written,

DS _{3) _ |.,(3} = ' ()
R Ez ; ( Gt—T,t’Pt—T,t-foacPD’tG V2 )
‘ ' ‘ C(14)
(3) % |
At—l * U13,ﬂ [ Gt—T;t'Pt“T,t—D+Ul4,g d

where is a random element distinguishing actual from

Ul4,t'
desired yield.

3. Market Clearing Equations, Constraints,
and Expectations

Before summarizing the model for the spot market,
some loose ends first must be tied: the equilibration of supply
with demand, accounting for selected market constraints, and

the specificaticn of expected prices in the spot market,
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Without the existence of government stockpile/price
support policies, the egquilibration of demand and supply in
our model would be denoted simply,

. pD (4 ox (4 .
Dsq(j} _ q(]) _ q(j) = Ast3)

h N . N (15)

That is to say, production pius changes in stocks equal total
demand.

Howevef, the government often adds to, or reduées, its
stock of a commodity in order to. support some predetermined
target price or for some other political reason. In this

model, net domestic government demand, Gq(J)EAGS{j) will, be

"t t
considered, but treated as exogenous to the mainstream of the
model, i.e., determined cutside the model. Including domestic
government demand, the typical market clearing equation is

written,

DS (j) _ DD _(§) _ DX _(3) _ G.(3) _., (3) (16)
S Y e ag = AS, .

. . o .
where, of course, AS(])=ADS(3)+A S(j).
. t t t

It is worth noting at this time that, owing to the market
clearing eguation, the equilibrium price and quantity of a
commodity will be determined, in part, by U.S. Government
commodity purchases or sales. This result follows from the
seeming redundancy between Eguation (16) and Eguations (1lCa}l

and (l10b). Equation (16) implies the change in total domestic

stocks. Similarly, Equations (10a) and {L0h) also may be used
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(1)

to solve for the change in total domestic stocks given AGSt

which is taken to be exogenous. Ho&evér, following common
practitice, Equaticn (16) will be "inverted" and used to esti-
mate the equilibrium price in the spot market.2 Naturally,
this transformation introduces another random elemeﬁt, U16,t'
In additicon to the market clearing equations,‘four other

eonstraints also must be stated. These constraints are

straightforward and are presented here with little further

ébmment.
Net Export DX (1) {3)
< ¥
Restrictions 9 —-Bt i (17)
‘ (3y .
where Et 15 exogenous.
Non—-Negativity DDqéJ), Dsqéj) > 0, - {(18)
P > 0, .
Peo t,t+1 — o : (123
sV 5 o) (20

t

25 similar procedure is employed in many large-scale financial
models, Most of these models over-determine the reserve iden-
tity eguating the sources and uses of bank reserves. More of-
ten than not, structural egquations are specified for excess
reserves, borrowed reserves and currency, identities are em-
ployed for reguired reserves and non-borrowed reserves, and
non—borrowed reserves then is treated as exogenous. These
assumptions initially produce a system of five equations in
four unknowns. This potential impass usually is aveided by
‘rearranging either one of the estimated structural equations
or a reserve identity in order to derive an entirely new en-
dogenous variable and thus create a new subsystem of five
acuations in five unknowns.
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: .. , -§yT '
Profit Maximization {1-9) r - T » P, (21}
(1+r)% t,t+1 -t '

The profit maximizing condition, (21), simply states
that owners of stocks will hold their stocks to time +t+T ~and
not sell them in time t only if the discounted "effective"
futures price is no less than the current spot price, The

effective futures price is the raw futures price ad-

Pt,t+t
'justed for the decay in storage {1-&) where & is the decay
rate, less the incremental storage costs CtT. [3,7,46,76,94,95].
Throughout the spot market model, price expectaﬁiéns
play an important role. To be sure, the last word ©n expecta-
tidﬁs has not seenlwritten and, at best, one can only apéroxi;l
mate this complex process, The approach taken here is fto use
domestic futures prices as the prevailing domestic price ex-
péctation influencing the domestic spot market. The actual
expectations mechaniém and the determination of the futures
price is deferred to the gection describing the model of the
futures market. Although this approach has a number of short-
comings, not the least of which are the estimation problems
owing to‘the simultaneity between the gpot and futures markets,
it is felt that thi; "stagging“ of the model is necessary for
its analytical tractability. Finally, it should'be‘noted that

actual world prices will be used as a surrogate for expected

world price and that these prices are exogenous to the model.
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4. Summary

In Tables III.4 and III.Hh, we summarize the general
structure of the spot market model and the associated mnemonics,

respectively. ;
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T/uLE I117.4  STRUCTURE oF IR "STOT"Y MARKET
Fpuations
private. Domestic S D - Y + ' 2a)
Demand e 0 P Py g B Y Ve {za)
Wet Export me {3y by o ~ vy dox (i) +0 3
emand EN °3(Pt‘ Feeerh PRSP J qnjl e {
Donuest Lo Private ot i3 § ) , ) 4 u-yl”:"sl” P (o)
* Stocks e Yy .51( o' et Pe e } L t-1 10,t
torestic s {3) 3y = s + (1~ [}l] ‘j} r U Y‘j’ 143
qt - [TJ E?t"'\',t' Ft—f.ﬁ"T) rJ‘PI‘.} ( 72 } J\L‘l ) 13, t ¢
Ydentitlea - °
! o_(1) e (5) , bx _{§) , G_(3}
Total Derand a a + 9 1 q {10c)
Market - ps 13y _p {3y | p.t3Y
Clearing B Qg T B¢ (16}
Tota) Donestie ¢ o), G 03 ) .
Stock S Bt B 105}
piscounted . - N
i . : =5} = oth i~ {2b)
pemestic pt,tﬁ ER M (l+r)
rrices . .
pi scounted —{$) \-r!')- £4) 51 -t
rdjusted ' Pt}u-'( H Et :;”_ + T?tj'f‘r * '[‘RL_3 U‘a [1+r} {6y,
Hovrld Trices 4 RS L + -
et Tarlff 'I'f‘éj) = [Average U.S. ‘I‘e.riff(j, . U)-- . {4
Advantage « hvcrage rate of world tarfff 7]
Het Transport 13} . t . .
Cost mivantage Tdtj 2 (average U.5, Transporkt Cost Bl 5} (5
- hverage rate of wo:lfi transpork cosk }
Discounted T
) . - L -5
rifcctive P z v - C1 (o)
storage Frice BT (hz)T telsT
Jneguality Constralnts
- (5
fiot Export BL (3) LRy W
Constraints 9 (3 an
<E (-} .
- "2t .
Hoa-tegativity Dqu_”. Dsqij’ >0 ’ {10
P b
e Tt oo (19
s:” >0 (20%
T
Profit Maximizaticn 3-8 -gr > P {21} .
. 1 T, b t
{ter) -
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TABLYE III.5 MNEMONICS FOR TABLE III&E'

(i)
bX {1
Q.
s (4
q(33
< (N
qt
GX_{3)
9
&)
St
&)
pt
&)

Fe et
Py et
xtfyt

()

2 (3}
S

Yéj)

G(jl"

Private donestic demand for commodity (J} at time t.

MNet export demand for comrodity (i) at time t.

Domestic production of commedity (3} at time t.

Gowernment domestic purchases or sales of commadity (j)} at time t.

Wet C.C.C. exports of commodity (i} at time t.

Domestic stock of commodity (J) at time i,

Domestic spot price of commodity (}) at time t.

Domestic futures price of commodity (j) for time t+7 at time t.

~ HWorld price of commodity {3) for time t+4T at time t.

Vector of exogenous variables.
Marginal storage cbst of commodity (3).

Harvested acreage of commodity (j) at tire t.

The rate of discount.

The export and import constraints on comsodity {5) at time t,
respectively. - L

The vield per acre for commodity (j) at time t,

The rate of decay for commodity (J).
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8. The Futures ﬁ&rket

In the following paragréphs, the structural relation-
ships describing oﬁr moedel of the futures market are presented.
We first present the demand side of the market. The supply
side and price adjustment mechanisms are presentgd next. The
third topic presented is expectations. Operationél constraints
then are listed. Finally, the complete futures model is summar-
ized in Tables II1TI.6 and ITI.7. As for the model of the Spot

MarkXet, the relationships presented here are aggregate and not

. product specific.

1. The Demand Block
The "effective"” demand for forward sales con-

tracts is assumed toO come from speculators, who hope to gain
from "backwardation" - the difference between discounted ex-
pected spot and fu;ure prices [21,,28,‘37, 39, 70],4 In addition, "portfolic"
and financial considerations strongly suggest that gspeculaters "also
may be sensitive to the "variability ;isk" surrounding their'
expected gain from backwardation and the cost of money associ-
ated with their purchases, [21,28,78,79]

The "portfolio selection" character of the demand re-
lationship follows directly from our generél view of speculators.

In essence, they are assumed to be investors that seek to either

maximize their expected return from their investment in commodi-

4 The notion of "effective" demahd is patterned after Hicks
1 27 ] and is described in Section III B.3.
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ties, subject to risk constraints, or they seek to minimize

their risk subject to some earnings requirement.
With these points in ﬁiLd, the demand for forward sales

contracts can he written
. \ g
o (30 _ (3} S

S= - —,r'] + U
= - t 2)
Qe ert 4 [( Pe per Py, earlr  EOE) 2% (22)

Pt 4T is a vector of discounted expected spot prices,
I

where -

B . , . .

t,t+T is a vector of discounted future prices, r' is the cost
a

) S _ }
of money [74],.P, P -denctes the variation in the backwardation com-

ponent ( Pt;t+T_Pt,t+T) and is assumed to capture the risk

associated with the expected gains from backwardation and U22,t
is a random element.

2. The Supply Block

The "effective" supply of forward sales contracts

ig assumed to come primarily from owneis of physical stock de-
manding.hedges.5 As in the demand block,.the attractiveness
of a hedge is assumed to be dependent upon backwardation and
its variation. Unlike the demand block, however, total avail-
able domestic stocks of commodities, St' also are assumed to
play an influential roie {27 1.

Algebraically, this supply function can be

5. The notion of "effective" supply used here, also is
Hicksian in origin, [ 271 and is described in Section
II¥ B.3.
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written

() oz

s_ {j) =s [(s P Y, O 1 + U
2 e ! - —
e, -t £, 4T borrt B, 7,5, 23,
where u23,t is a randem residual.
3. Price Adjustments

As Hicks points out, there are "sufficient
tgchnical rigidities in the process of production to make it
certain that a number of entrapreneurs will want to hedge their
salesg" [ 27 }. Supplies in the near future are largely govern-—
ed byldecisions taken in the past, é.g., the amount of acreage
sown. The same thing sometimes happens with planned purchaseé'
as well, but "it is almost inevitably rare" since technical con-
ditions give the;entrapreneur a "much freer hand" in the
aguisition of inputs (largely needed to start new production)
than in the completion of outputs (whose process of production
has already begun) [ 27 ]. For these reasons, one can expect

a ”tendency for relative weakness on thé demand side" of the

futures market [p.137].

As Labys and Granger point out, this reascning suggests
that the short hedging and long speculation components cf open

interest represent the "effective" supply of and demand for

future contracts, respectively [492 ]. Open interest "is the

number of futures contracts that have been entered into, but
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not yet covered by an offsetting contract or fulfilled by
delivery" [49 ]. In our model, this imbalance between the
forces of demand and supply is assumed to influence the rate
of change in prices. In particuia:, it is assumed that the
rate of change in the futures price of commodity (i),

ap3) =g oG
: t,t+T t,t+T t~1,t+T"' is a guadratic function of the

difference between the "Hicksian" supply and demand for

futures contracts:

(3) 3y |s_(3) {33 1,8 D 2
APy eer = V2 {( qt,tﬂ)] Yy |:( U, a1 Ye, et }4" Uga, 29

i) :
S D . . .
where ( 9e par It t+T} is the net "effective” open interest

i a iable.

and U24,t is a random varlabile
At the heart of both the demand and supply side of the
narket fox forward contracts lies the expectations mechanism

.. S . . . 5
determining F This mechanism is discussed next.

t,t+T"

'4. Expectations
Borrowing heavily from others {14,18,1%,50,57,59,60,92,93] . the
markgt expectations mechanism underlying the expected spot
price is assumed to be "natural" and depgndent on either or
some combination of futures prices and changes in érop

projections.l Specifically, the expected spot price of

I11-21



. e 5=(3 .
commodity (3) for time t+7T at time t, PEJL+T"15 assumed to
’

i

be determined in part by a distributed lag on future prices,

L)

T () =) (25a).

1xd T Pely, et
k=0

and a distributed lag on crop forecasts

w3

(i) .
. 25b
z de Gt—k,t+T ( )
k=0
That is
n (3} . w3
$=-(3) (3) z{(3) (3}
= + +
Pel e+t Loayy Pelx et I dy Gelk, -t T U2, (260
k=0 k=0 ’
where the d's are coefficients, k denotes the lag, n(j)
and W(j) are the maximum lengths of the price and information
., Eh L - .
lags for the (32 commodity, respectively,.  and u25 & is a
' ¥ .
random element.
6 - This particular formulation, (25), was chosen in order
to obtain a "parsimonious™ representation of the expectations

mechanism as suggested by Box and Jenkins [ 6 ]
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5. Ma;ket Clearing Equatiohs and Other Constraints
The few equations presented above are subject to
constraints analogous to fhose listed in the spot marke t model.
As in the earlier case, these constraints are selfwexplanatory

and will be summarized here with little furthey comment.

T .
Market s . D .
M . - = n . + "
Clearing qt,t+'|." qt,t+T net ?ffec tve (27)
open interest
(33,7 . . . :
Profitability -3 7)) - L B s 6 (28)
T t,t+T t —
(1+r}
.9 . .
Price P(j) _ P(J> (4) :
Volatility t,t+k -1,t+k < ¥ ;s J=1,...,m (29)
- s,D (3} (3) ' :
- - >
Non-Negativity e, et Pt,t+T > 0 (39)
7. This relationship follows from the assumption of
Hicksian “technical®” imbalances discussed in Sectien III B.3.
8. Same as equation (21) in the spot market
9, The future price of any commodity is not permitted to

change by more than a predetermined amount pex time period in
the United States commodities markets.
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6. Summaxry
In Tables III.6 and 1II1.7, we summarize the
general futures market nmodel. The linkages between the Spot

and FPutures market models are explored in the next sub-Section

where the two models are tied together.
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TURES MARFET MCDEL

TanLE ILI.6 STRUCTURS OF TIE FU

r

{22}

pcuationg
sffective o (3 {33 S- g
. | 4 =t - [~ ’
Domestic Demand qt,t-t-T 1 ¢ Pt,t—:—'t ?t,t-l—‘f) f B, P’ r]
Effective s (5 (3) S e ;
Pomestic Supply ENRE ) [( Pt,t+T_Pt,t+T}' SP,P' St}ﬁ
Price Gy o) S8y ey, () g
adjusument APtft+T 4 v ( qt,t+T qt,*+T} 2 T, tir
H . .
=) Sy . ) =
' .
ro - C 5., (3) 3y _(3) 'y (3
fxpactations P = 7 ]
~ Eath totHT ) Ay Pulxoeex T L Gox 86 Ty, et
¥ | - k=0 K
. Tdentitics and Incguality Constraints
. 8 {3 D (3 S . .
. Marxet Cleaning qéfi+T — qt?l+1 = net "effective” apen lnterest“
e 1) \T =7 ] ] i
profitability {(1—6(3)}/(1@)‘}??1” = -Pff) - ¢ >
- . P .
n(j) , . o
" Unbiased . (3 .
a =. . .
Expectations z 1k *
: k=1
. ‘ Cy (3 {3} (3
2 by i P - < ‘
Price Volatility o LT Pt-;,t+T < WT ‘ y
;
i S0 no(3) G ~

TVNIOTHO

(23)

(24}

(25} .

{27)

(28)

{256)

(29}

(30)



TABLE IIXI.7 MNEMONICS FOR TABLE IIT.6
| o e e et e e et ——— e —
D (]L+T The effective demand for forward sales contracts of commodity
' (3) at time t for time t+T.
Sqé]i+T The effective supply of forward sales contracts of commodity
! () at time t for time t+T.
Pé]i+T The futures price of commodity (j) at time t for time t+T.
r
spéji+1 The “expected” spot price of commodity (§) at time t for time t+T,
!
USP . The variation between expected spot and futures prices.
?éj) The maximum allowable fluctuation in the futures price of
commodity () with a time interval of T.
C(j) The marginal storage cost of commodity (J).
r' The rate of interest on commodity credit.
r The rate of discount.
6(3? " The rate of decay of commodity (j).
St The domestic stocks of commedities at time t.
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C. The Interaction of the Spot and Futures Markets
In the ﬁollowing paragraphs, the linkages between the
spot and futures market models are explored and the models
coupled inte a sindgle simultaneous system. This intefactive
system.then is used to analfze the movementé in futures and
spot prices. Here, special emphasis is given to the impacts of
world-t;ade, Covernment controls and the timing and accuracy of
crop projections. The discussion, of course, is pedagogical in
character. That is to say the analysis is hypothetical and 1is
presented tp illustrate the type of policy analyses to be
extracted from the empiricai resultsl
1. Structural Interdependencies

The linkages between the spot and futures ﬁodels
have been indicated in Sections III.A and III.B abo;e. The
policy implications of these linkages, however, warrant their
reiteration and some elaboration on their analytical impacts.

One of the most important obvicus linkages 1is
that of spot prices to futures prices. The dependence cf spot
prices on futures prices suggests that "hackwardation™, infor-
mation improvement, and risk aversion may e;ert a significant
influence on both spbt and futures prices. Thus, in the final
analysis, oux structures make it possible to measuré the
impacts of improvements in crop forecasts on both spot and
futures prices. The magnitudes, and timing oflthese impacts,
of course, are an empirical guestion.
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Another important and obvious linkage 1is the

dependence of the futures market process on current domestic

'stocks specified in the spot narket. These stocks, it will be

recalled, are determined in part by government stockpile policy
operations,ﬁand net exports} among other factors. It follows
that futures prices will be influenced by fagtors such as
exchange rates, transport costs, net export limitations, and
government stockpile operatiéns.

In addition to these obvious linkages, there are

a few constraints that warrant special mention. First, the

profitability constraint ensures that marginal storage and

-~ transportation costs will impact both spot and futures prices.

. Second, the institutional constraints on price volatility will

dampen movements in spot p;ices and, of course, limit move-
ments in futures'priceé. Third, the lags introduced in the
expectations mechanism and stock adjustment relationships imply
that spot and futﬁres prices both will adopt to new crop
forecasts over time and, therefore, eérlier and/oxr better
forecasts wiil impact on both the spot and futures markets
over fime.

The full policy implicétions of this simultaneous
interaction between the two markets can bést be iliustraféd by
solving the system and iliustrating the use of the model in a

policy control context. This is done in the next subsection.

'
-
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2. Simultaneity, Causal Ofdering, and Policy
Analysis '

To illustrate the policy implications of the

model we have developed, consider the simplification:

= + Z + 3
Q. ro,. BiZqy - Bo%o¢ _ (31)
where
Qt = n X 1 vector of depéndent variables
T = n x n matrix of structural coefficients
on the jointly dependent variables
th = p x 1 vector of non-policy exogenous
variables
81 = n x p matrix of structural coefficients
: on the non-policy exogenous
variables ;
Z2t = a x 1 vector of policy control exogenous
variables
82 = n x a matrix of structural coefficients
' on the policy control exogenous
variables
The term ?Qt represents the interdependence
relations in the full model. The term 'Blzlt captures the
impact of non;policy variables, i.e., variables cver which the

government and other regulatory bodies have no direct control.

The last term BZZZt describes the impact of the pdlicy

control wvariables on the equilibrium prices and guantities, Q

-

£
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Selving this system yields the reduced form

model:
= ¢ + 3
Qt d)J.z.lt ?2Z2t (,2)
-1, -1
where ¢, = [3-T1778,, ana ¢, = [1-1]7"8,

We are now ready to illustrate the policy
applications of the model. Suppose that some, or all, of the
dependent variables Qt are "targeted" by administrators. to
take on certain "desired" walues. Let us denote these "target”

' *
values Qt' The guestion of importance to the adwministration,

‘of course, is what values of the control variables are reqguired
in order to hit the target. Under conditions of perfect

contrel, this objective could be stated
Qp - Q¢ = 0 (33)

That is the difference between the 'éctual Q, and desired Q;
valyes of the dependent variables should be zero.

Substituting (32} into (33) and rearranging terms,
we see that the optimal (in the sense of equation 33) wvalues of

will be some function of the

the control variables Zzt

- *
difference between the target values Qt and the wvalue of the

dependent variables if there was no control at all, ¢lth.
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That 1is

' -1 L * - - )
2ot (6,0,) ¢, [Qt—q)lzltj' : £34)
where
t R
¢2 = transpose of ¢2.
[ . ’
Assuming |(c!3_2 ¢?) | # 0; it is possible to solve

for the set of optimal control decision rules, (34), for eéch
alternative target constellafion selected by the administrators,
and to assess their feasibility.

Before summarizing the full model, two roints
must be noted. First, the above discussion assumes th and

Z2t are 1ndependent.

This, of course, is an empirical qﬁestion and
hopefully ﬁheré will be -enough anaiytical resolution in the
model to disentangle their combined influenges. Second, it
will be possible to analysze improved crop forecasts as either

a non-control variable (a type variable) or as a control

Zlt

variable (a 2% type variable}. That is, it is conceivable

2t
that one will be able to measure the control benefits from

improved crop forecasts against, say, changes in Government

purchases or sales of commodities.
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3. Summary of the‘Full Model

In Table II¥.8, we summarize the structure of the
combined spot and futures market models. The egquations are the
same as those presented in Sections III.A and III;B and are
presented here without further comment to illustrate the
simultaneous nature of the two moaels. In Figure III.l,We
present a flow diagram overview of.the'full medel. Here, the
arrows devote the principal direction of causality and the
structural‘linkages between the various relationships. The
simultaneity of the model can be verified easily by starting at
any boint in the mainstream of the behavioral structurés and
"following the arrows" full course all the way back to the

original starting point.
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Iv. A MdDEL OF THE COMMODITIES MARKETS:
EMPIRICAL RESULTS

In this Section, we sunmmarize the empirical estimates of
our model for two commodities, sovbeans, and wheat. The mater-
ial is presented in three parts. First; we outline the overall
estimation strategy and the methodelogical tools té.be enployed.
Next, we specify the particular structures to be used in the
test cases. Included in this Section are assessments of the
data and a Sﬁmmary of the empirical results. Finally, we set
forth the major empirical findings and underscore some general
results concerning. the distinction between the long- and short-
run, the importance of crop forecast information on commodity
prices, and the influences of the foreign sector and government

policy on the domestic wheat and soybean markets.

AL Estimation Strategy

In the following paragraphs, we discuss the three majér
methodological problems encountered in this study and ourl
approach to theirlresolution. Thesge issuecs are: the identifi-
cation‘of, and distribution between, long- and shértnrun pat-
terns of behavior; the identification of the dynamic structures
to be estimated, and the simultaneous estimation of-the inter-—
dependent structures.

1. Freguency Band Mocdel Building:
L Distinction Between The Long- and Short—-Run

The model developed in the preceding section did not
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specify the length of the decision interval under consider-~
ation (days, weeks, egc.).; éecause the causal structure of a
‘decision process-ma& diffex wi;h respect to the time perspeé-
“tive of thé‘decision, decision rules conventionally are defined
relative to a specific time.horizon. The latter assertion, cof
course, follows directly from the tenets of microeconomic
theory where the distinction made between the long- and short-
rﬁn is, for the most part, the number, way, and type of vari-
ables that enter a firm's or consumer's criterion function.
Dynamic considerations suggest an additional point of egqual
imPortance: a change in the decision perspective ﬁay completely
‘alter not only the nature but alsoc the directicn of causality.
-Although a detailed analytiéal SuUmmary of these ?oints is be-
vond the scope of this paper, scome exanmples of changes in
causality and feedback in the context of ‘this study will be
preéented in order to illustrate the potential importance of
the problem. |

Let usrassume that a commodity dealer can distinguish
between the short-run seacsonal and irregular marKet patterns
and long-run trend and cyclical movements. Economic theory
télls us that the decision to expand or‘contract stofage capa-
city in the long-run, for example, will depend, in éart, on the
expected trends and veolatility iﬁ total demand for the commod—
ity(ieé). The‘profile‘of future total demand, of course, is

likely to be a function of trends in macroeconomic forces.
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Thus, long-run macroeconcmic considerations are likely to cause
changes in storage capacity; that is, determine, in part, long-
run storage decisions. On the other hand, the dealer's short-
run decision are likely to focus on production rates, inventory
levels, etc., given some level of storage capacity. That is to
say, the macroeconomic variables that determine the dealer's
long-run decisions are not likely to have the same influence
{causality), if any, on his short-run decisions. Obversely,
the influence of an aberration such as an unexpectedly poor
crop may not have as strong an influence on his long~run de-—
cisions as on his short-run decisions.

"Although the above example illustrates differences in
causality, owing to changes in the decision time horizon, it
does not illustrate changes in the direction of causality. In
order to illustrate this problem,.

"...Consider two stock exchanges in some country,
one of major importance (A) and the other of ’
lesser importance (B). Clearly, B will be likely
to follow all the fluctuations, bkoth long-run and
short-run, of &, and so we have A=>R (varlaticn
in A "maps into" B). However, A will be unlikely
to be affected by short-run fluctuations of B,

but may be concerned by the long-run fluctuations.
Thus, if a subscript L denotes the low-freguency
compeonent and a subscript H, the high-frequency
component, we may have By=>A;, By#>Ahy. Thus, in

this example, feedback will only cccur in the low
frequency range."l1

lGranqer & Hatanaka, Spectral Analysis of Economic Time Series
(Princeton,; - NJ, -Princeton University Press, 19%64) p.123. For a
more sophisticated presentation of this concept, see_G.M;Jenkins
.. and ‘D.G.Watts, Spectral Analvsis and Its Applicatisns (Holden-
'iDay, San Francisco, 1969} pp.398-450.
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The crucial point of this example is that a segment of economic
activity may be jointly debendent with some other segment of
economié activity for long-run decisions (L), but independent
of that segment for short-run decisions (H). Tha£ is £o say .,
the causality between economic "players" may be simultaneous
for one decision interwval, but uni-directional for another.
Although these examples do not prove that decision pro-

cesses necessarily change with the length of the decision in-

terval, they do suggest that separate relationships should be

considered for every clearly delineated decision interval.

| Following the approach taken by Labys and Granger [519]r
and suggested by Granger and Hatanaka '{22}, each variabkle in
the model presented above 1is separated into a.long—run trend/
cycle ccemponent and a Shortfrun seasonal and irrégular gompo—
nent. Long-run trend/cycle and short-run seasonal‘ana irregu-
lar modeis then are estimated separately and the cbmplete time
series profiie'of the model obtained by combining the twd dis-
tinct "frequency-band" models,

Following.generally accepted practice, we have employed
centered méving averages as the low;pass filter (FLJ to isolaté
the trend/cycle movements, Seasonal movements were.then ob—
tained by subtracting the trend/cycle component froﬁ the
Qriginal series in each case, with thé appropriate deletions
at the ends of the series. This apprbach bears secme family

resemblance to more common ratio~to-moving-average filtering

Iv-4



techniques, such as the Census X-~11 methbd, but does yield
slightly different time seriés content. Of course, the results
of the filters we did use were carefully checked using spectral
o,
technigques [43] and, as described in detail in Section IV, B;
below, were found to filter £he desi¥ed frequencies without
disturbing surrounding fregquencies or introducing spurious
ones.12
2. Dynamic Structures and Their Estimation

In economics, the relationship between a set of ex-
planatory variables and £he dependent variable rarely is in-
staptaneous. Instead, the response tends to build up dynaminl
ally over time, In general, these relationships are explainéd
by some combination of lagged dependent vériables and distri-
Euted lags on other explanatory variables (a mixed autoregress-
ive and moving average process)._,often,.these lag strﬁctures
contain an infinite number of parameters and, for practical
pﬁrposes, the relationships must be replaced by finite éaram—-
eter, i.e., “paréimonious" approximations [ 6 1. LvGuarding
against the possibility of encountering an pnwieldy number of
parameters, we follow Box and Jenkins [ 6] an attempt to cap-

ture the typical trend/cycle dnd seasonal relationships of the

form,

2 . . .
t The techniques employed here are discussed in an ECON techni-

cal paper addressing many ©f the methodological issues raised
in this study.
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' d -1 T
Y(L)VdFL(Zit) - Lo wy F(Zg) = 0 @nwe (35) -
j-1
J#L
m
Ll2, _ 12, _ -1 s
(L) (1-L°)F (2, ) ) B (L) (1-L7D)F (2, ) = 87T (MVWIES, , (36)
P j:l
j#i

respectively, where vy, &, w; n, o, B, and ¥ are poly-

- nominal functions of the lag operator L, L(Zt)zzt~l; ¥V is a

backward difference operator, V& ,=Z_~-Z used to enforce

t Tt Te-1'
. . . -1 -1 . ‘ .
apparent statlonarity; a and ® are the inverses of Y

and Eit are stationary disturb-

. i . 12 .
ance terms with null cross—- and auto-coveriance; and L 18 a

and w, respectively} Eizt

l12~mcnth lag operator, le(Zt)=Zt“12. .
The left side of'Equations.{3$} and (36) describe the
transfer function portion of the empirical structures, while
the right side describes the "noise" models. The noise models
have been built onte the residuals from the transfer function
models on the assumption that, iﬁ a dynamic framework, econqmic

behavior includes a serxrially correlated stochastic term. These

noise models are assumed to be of the form,

T _ -1 T

ey T W (L)n (L) eit' (37)
and

s _ ,-1 —8 -

ey ¢ (L)W(L)EEit, (38)



ﬁhere. éZt and eit are the residuals from the trend{cycle
and seasonal transfer functién modéls, respectively.13
3. An Approach to System Estimation

As noted in Section III.C, the model presented in-
cludes a number of jJjeointly dependent endogenous variaﬁles in
the structures. These‘interdependencies can lead to serious
estimation problems if single-equation least squares methods
are used [68B1. However, not all estimation techniques for
interdependent systems may be desirable. Theil's two-stage
least sguares [58], maximum likelihﬁod with £full dr limited
information [58], and the instrumental variébles apoproach of
Jorgenson [58] typically reguire the use of so~-called "“"reduced:
form" equations. For medﬁim and larger sizedlmodels, these |
reduced form equations can be mammoth regreséions that exceed
the available degrees of freedom. Moreover, even when there
are sufficient degrees of freédom using the reduced form équa—
tions, these methods require an hercic number of Zero correla-

tion assumptions [58] in ocrder to determine the structural rara-

meteré. One method that avoids these chortcomings, and pro-_

vides consistent estimators with two-stage least squares effi-
ciency, 1s the Fixed Point method of Wold [58, 91]. " In essence,
this method estimates the structural parameters within the

structures, using an iterative least sguares procedure. This

l3The estimation of these sStructures is hased, in part, on a

variation of the approach developed by Box & Jenkins [ &}, and
is described in detail -in an ECON technical paper.
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methed was adopted here primarily because of its "zero corre-—

lation" assumption efficiency.l4

B. Empirical Results

Our preliminary empirical tests of the model developed
in Section III are summarigzed below. The results are pre-
sented in two parts: one for the Soybean market and the other
for the Wheat market. Each of these parts, in turn, is aivided
into four subsections: the first highlights the institutional
characteristics of the market, the secondldescribes the esti-
mating equations and explanafory variables, the third'summar-
izeé the data, and the fourth suﬁmarizes the estimation results.

1. Soybéans

a. Institutional Overview
The soybean market in the United States has

grown rapidly since ﬁhe end of World War II increasing from
production of 200 million bushels a year and self-sufficiency
in 1946 to over 1 billion bushéls a year and 95% of the world
market today [ 1. The domestic soybean crop is harvested
from September to November. The earliest USDA crop estimates
are available in March and are made through November owing to
reporting lags. Perhaps the most important charactéristiélof

soyheans relative to the general model presented earlier is

14This method also is discussed in further detail in an ECON

technical paper.
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the transformation of soybeags'into other commedities, i.e.,
soybean meal and soybean 0il, each of which have somewhat
different domestic and forelgn demand profiles. No attempt 1is
made to analyze these markets in detail. Rather, we focus on
soybeans and include the impacts of the soybean ﬁeal and oil
markets on soybeans thréugh their prices.

Another important characteristic of the soybean market
is that ihe government has not been as active in this market
as it has been, for example, in the wheat market. chever;
soybean planting decisions appear to have been influenced in;
directly through government constraints and operations in
other markets. For example, the acreage allocated to soybeans
may be viewed as foregone acréage for other'érqps and, there-
fore, government soil bank apd CCC sale and loan;policies for
wheat may be important influences on soybeans ‘indirectly.

Soybean'fufures, as well as soybean o0il and meal, are
traded principélly on the Chicago Beoard of Trade. The contract
months are September, Novenmber, january, March, May, July, and
_August. The "standard contract” igs for 5000 bushels. That is,
all trades are made as integer multiples of 5000 bushels.
Hence, three contracts would mean 15,000 bushels. 'Price is
guoted in cents per bushel. In the futures market, the small-
est allowaglerdaily price fluctuation is 1/8 cent per bushel or
$6.25 per cohtract. The maxXimum alldwable daily range.is 20

cents per bushel and the maximum fluctuation (net dzily change
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from the closing price of thé Previous day}.is 10 cents per
bushel. The implied maximumimonthly érice fluc£uation is
about $2.20 per bushel.

Sﬁybean 0il futures are traded in contracts of 60,000
pounds and prices are given in cents per pound. The iowest
.recorded price fluctuétion is 1/100 of a cent per day and the
largest price fluctuation is one cent per pound opV$6OO per
contract. The implied monthly maximum fluctuation is $13,200
per c¢ontract.

Soybean meal futures are traded in contracté of 100 tons
and prices are guoted in cents per tbn. The minimum and maxi;
mum daily price fluctuations are 5 cents and $5 per ton, re-
spectively. The maximum monthly price fluctuation is $100'pér
ton. These price constraints are not in fprce iﬁ fhe'spot nar-
ket on and after the first "noticeﬁ davy, i.é.{.on and after the
first day of the contract month.

With these characteristics in mind, we wiil turn to the
soybeén model, the data used, and the estimation resulﬁs.

b. The Model
The heart of the scoybean model consists of the
eight estimating equations presented in Table IV.1. The numbers
to the right of the eight equations dencte their inérbduction
in Section ITI. The functional forms are taken to be linear
for the preliminary empirical study. Moreover, as can be seen,

the eguations are in semi-reduced form. That is, a number of
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ééuations have béen combined into a smaller set of equation;.
In this way, the number of in£erdependencies has been reduced.
_However, not all of the interdependencies have been:remnved
by algebraic manipulation and the essence of the structural 
dialogue between the spot and futurgs markets hag'been main-
tained.l5

At least two important charactéristics of these substi-
tutions warrant some mention. First, the marriége of Eguation
(25}, spot price expectations, with the futures demand and
supply equations, (22) and (23), respectively, introduces dis-
tributed lags on futures prices, 90vernment'forecasts and the
va?iations in these factors, intb-the supply and demand for
futures contracts. Secondly} by substituting Eherrelationships
for domestic pfoductiOn and_demand, intoc the spot market clear-
ing equation, the implicit eﬁuilibfium spot market price be-
comes a function of the factors influencing domestic production
and demand, including-either directly or indirecfly futures
prices and crop proejections.

A few other commentswabout the estimating eguations inr
Table IV.l also are in order, First, the terms fo, ho' go,
etc., are the "intercepts" in the various equations. Second,

the number of commodities, m, does not exceed five. = These

include: soybeans, wheat. soybean meal, soybean oil and corn.

137¢ is in this sense that the eguations in Table IV.1 are

said to be semi-reduced form (not fully reduced) .
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In addition to the analyticalrtransitions mentioned
above, there are a few empirical characteristics that also
should be noted. First, domestic production in the spot ma:—
ket caﬁnot he estimated using "pure" monthly data since guar-—
terly or annual data are the only ones readily avaiéable from
the USDA on harvested acreage and yield. Thus, it was necess-
ary to construct a monthly séries for domestic production.
This was done by prorating the annual crop over the harvest
months according to their historical monthly harvest pattern.
The yield figures for any one year are treated here as exo-
genous and are applied to each harvest monfh equally. To be
sure, the yield distributions within a year fluctuate from
year to yea¥ owing, in part, to purely random féctors.
Consequently, our construct is at best an approximation to
Freélity“. Secondly, monthly stbcks of'éoybeéns were generated
from a blending of annual and monthly data. Statistical discrep-
ancies_emerge here also. These errors, however, are small.l7
Third, there are a number df futures price contracts, {(cne
monthly series for each contract month), but only aggregate
méasures of the guantity of futures contracts. For this reason,

a single futures price index must be used. The approach used

6 . . . .
1 The actual construction of the series is presented in

Section IV.C.

171pi4.
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here follows the common practice of constructing a "near
futures price" index.. Speéifically;'the'method employed in
this study is the one éuggested by Cootner {12] and used eé—
tensively by commodity fraders and b;okers.la Finélly, domes-
tic consumption is available only in guarterly totals. The
constructed ménthly series distributed these totals‘evenly
within the quarter.

No doﬁbt the approximations mentioned above_dilute the
full potential of the model hypothesized in Section ITI. That‘
is not to say, however, that the results will be unintelligible
or highly inaccurate. The approximations made here all are in
thel“right direction” and will not introduce order of magnitude
errors into the estimation results. At most, the errors intro-
duced here will be of second order significance, e.g., the
length of the distributed lag on some variable cr the structural
significance of observed autccorrelation in the residuals. To
‘be sure, these problems are‘important and their resolution is a
worthy undertaking. Nevertheless, the principél empirical ob-
jectives still are well within reach: to identify and measure
the cross impacts between the spot and futures markets, to
measure the importance of market information in the form of -

crop forecasts, to identify and measure the role of net exports

lBThe actual construction of the series is presented in
Section IV.C.
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on spot and futures prices an@ to distinguish between long-
and short-run patterns of béhavior.

Before turning to ouxr results, we further summarize the
data, thgi: strengths, weaknesses, transformations, and
availabity.

Cc. The Data

In the following paragraphs, we summarize the
major characteristics of the data used inlthis study and the
sources of those data. As mentioned_earlier, the data negded
to estimate the soybean model do not all exist in the most
convenient form ?f they exist at all. Theée data limitaticn
only can be overcome through the use of surrogates and data
transformations. The most importaﬁt of these are listed below.

First, since the total volume of futures coﬁtracts and
open.interest are not categcrized as to the centract month (of
which there are seven; January, March, May, July, Aﬁgust; Sept-
ember, and November), some form of futures price index number
must be éonstructed. The index-used here was first suggested
by Cootner [12] and commonly is called the "neax futures price®.
Inlessence, this price index ties tﬂe prices of the wvarious’
futures contracts to the contract month preceding the harvest.
it is assumed that the trader acquires a position at this time
and carries it through the following year switching forward to
the next futures month only at the end of those months pre-

ceding the contract maturation months. . Since the soybean
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harvest is from September through November, the "linking"
confract monthris August.A Tﬂere are seven contract months for
soybeaﬁs; August, September, NKovember, Januafy, March, May,

and July. Traders are éssumed_to take positions in the Sept-
ember, November, January, Mérch, May, and Juiy contracts. At
the end of the mon?hs prior to these contract months,_the
dealér is assumed to shift forward to the next August contract.
Thus, for example, if Pi is the price of the Janugry future
at the end of December, and . qa; is the price of the August
future, at the end of December, the price used for December

would be Pi and the price used for January would be Pi+

(g

ie1” 947

Second, futures prices are a simple average of the months'
high and low price and spot prices are monthly aﬁerage prices.

Third, domestic consumption was only avéilable as éuarw
terly toﬁals. Month figures were generated by uniformly dis-
tributing these amoﬁnts ove? the intraquarterly months.

Fourth, monthly world prices were constructed from trend
lines fitted.to annual data. A& simiiar procedure .alsc was used
to obtain monthly shipping costs of grain and soybeans in
in;érhational trade.' This method was chosen to avoid the dis-
‘continuities introduced by simple uniform annual distributions.

Fifth, the annual sovbean harvest was distributed evenly

over the harvest months.
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Sixth, the Erop forecast data uéed are ﬁSDA projections
and forecast inaccuracy was measured by the average absolute
values of the forecast errors at different lead times ovef.the_
estimation period considered. In general, each times series of
forecast error variations takes on a saw tooth appearance with the
largest variation farthest from the harvest month and declining to
the smallest forecast error wvariation in the harvest month. This
pattern was repeated each vyear.

Seventﬁ, FBO per capita food produétion indices were used
an an indicator of net foreign demands for food. These annual
index numbers were converted to montﬁly indices using time
polynomial regression estimates.

Eighth, the monthly consumer price indéx of the Department
of Commerce was used as the index of general rates ofAinflation.
The monthly price indices for meat animals and farm productioﬁ
items also are thoseﬁreported by the Department of Commerce.

Ninth, a shift in open interest occurfed in 1960.. After
1960; the Commodity Exchange Authority reported open intent
only for the Chicago market and not all U.S5. markets as was
true prior to 1%60. However, since 99% of the U.é. market
activity was in Chicago, no special adjustments have been made
to the data. | )

Tenth, the effective monthly demand_and supply of futures
contracts were constructed from bi-monthly figures reported to

the Commodity Exchange Authorityv- on the 15th and last day of
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éach ﬁonth. Here, -the bi-menthly figures were summed to ob-
tain the monthly totals. |

Eleventh, private monthly exports were obtained Ly sub-
tracting CCC exports from total monthly U.S. exports.

Twelfth, private stocks were approximated psing data
supplied to the Commodities Research Buresu by over 450 of the
largest holders of inventoeries and adjusting thelr gquarterly
totals to egual the gquartexrly total private stocks reported
by the USDR. '

Finally, monthly private domestic demand (disappearancé)
also was created by adding, or subitracting aé the case may be,
menthly production and changes in CCC stocks (CCC demand) to
monthly chapges in total monthly U.5. stocks.' This was done
as a check and alternative to the other approach-dgscriﬁed
above.

The following publications constitute the major sourceé
of data used in the estimation model. |

e Commitments of Traders in Commodity Futures [9]. This

source contains monthly figures for total futures
trading volume, open interest, and long and short
hedging and speculative positions.

e The Statistical Annual of The Chicage Board of Trade.[8].

The source contains monthly U.S. stocks of wheat,

corn, and soybeans.
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Food Grain Statistics. [g4] This USDA publication reports
monthly CCC exports and guarterly U.S. supply and
disappearance.

Crop Production Reports, Prospective Plantings Report,

and Annual Summary. [83]. These publications give monthly

. planting intentions, acreage, yield for all crops
including soybeans.

Fats and 0ils Situation Reports [83]. This data source

includes soybean oil prices, the prices of other
oils, expoerts, and government buying and selling

operations,

The Feed Situation Report [87). This publication includes
price, export and government operations data for soy~
bean meal, and competing animal feeds.

The Monthly Report of The Federal Reserve System [5]..

This publication contains weekly and menthly credit
and interest rate statistics.

The Survey of Current Business [89]. This publication

includes monthly GNP, and comnmodity price index

numbers, among other statistics.

The Commodity Yearbook of the Commodity Research Bureau [10].
This privately published document contains monthly

stock, price, and export data for all major commodities.
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o Food and Agricultural Organization: Production Yearbook [g§0].

This United Nations publication includes annual food
production and population figures for all major
regions of the world as well as index numbers of their
per ;apita food production.

@ TFood and Agricultural Organization: Trade Yearbook [81].

This United Nations publication reports annual trade

figures for all major regions of the worla. Included

here are annual imports and expoerts, shipping rates,

and world prices.

d. Estimation Results
In general, the empirical results are most

encouraging. Following the estimation methods described abo%e
the resulting estimates are highly accurate. The squared
correlation coefficients in the trend équatioh all lie above
.90 and the Durbin«Watson "4" stétistics lie between 1.85 and
C2.01. Moreover, the auto-and cross spectral representations
of the residuals do not exhibit significant power concentration
or coherences at the 20% level,. Likewise; the residuals from
the seasonal equations do not exhibit significant auto-or
cross—-spectral poﬁer concentration and the "d" statistics lie
between 1.80 and 1.96. However, it must be noted that the. squared
correlation coefficien£s for the seasonal equations are not as

. 2 .
high as those for the trend eguation. Here, the R lie

between .58 and .76. These results are not disturbing when

one realizes that the seasonal compenents contain moest of the

noise in the series.
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In Table IV.2 we present the major statistically
significant impulse response elasticities estimated in the
soybean model. The elasticities represent the full impact of
an impulse on the indicated response variable. - That is, the
élasticities'reflect the sum of the "lagged" coefficients on
the impulse variables.

For the most part the economic results correspond
to what we could expect from economic theory. HNevertheless
each set of elasticities warrants some preliminary comment here,

Net Private Exports: In the long-run net

private exports of soybeans are most responsive to changes in
Asian per capita food production: a result that parallels
the'quantity consumption of U.S. sovybean e#ports. Not surpris=
ingly, U.S. soybean exports are very_responsive to Buropean

per capita food production as well. Tt appears; however, that
foreign demand is not irresponsive to price as indicated by the
high elasticity of -.84. Preliminary investigation suggests
that the differences between the price and food production
elasticities are accoﬁnted for by a éombination of episodic'
emergency needs on the one hand and strong long-term balance of
trade desires on the other hand. Because many of the monthly
data used were constructed from annual data, no seaéonal

estimates appear. ' : )

Private Domestic Demand: As expected, corn

is a substitute for sovbeans. The price elasticity between
them however appears to be somewhat low but not an crder of

magnitude error. The most striking results are the futures
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AND SHORT-TERM EihsTICITIES IN THE SPOT AND FUTURES MARKET FOR SOYBEANS

Impulse

Respense

Long Term:
Het Privato Exports 1 -an 250 ~5.0% .
Privatn Domentle Domand 1 s | -ove T.13
Private Stocks 7z} .34 118y 125 s
Pradustion 1 BRI 1 a q
Ehort Hedging -1B H } LB} K Y 17t
Long Speculation 1 -3 b6 .03 B3
lizar Future Price ] 0 1
shert Term:
Xee Private Evports
Frivate Domestic Demand 1
Privite SLocks Ay INEX -z.30 R .64
Production H a ¢ ] [\
Sheore Hedging -3.30 1 170 .18 +1.93
Tony Tpeculations 1 =140 0 -.e3 0
lirar Puturesz Price bR emz




and cash price elasticities. The cash price elasticity appears
somewhat large at -~.4 but has the right sign and is within

ranée of cash price elasticities measured by others [:;34 ). 2}
The most startling result is the futuxes price elasticity of
+1.51. In addition to being large the sign is difficult to
interpret. There is however one explanation that carries

some weight: cash éommodities may be bought during rising
futures prices in anticipation of potential profits from
backwardation. Ih this context the results are in keeping with
economic theory. Once again, shoit—run elasticities are not
reported owing to data considerations.

Private Stocks: The elasticities on exports

andldomestic demand follow from accounting identities and need
no speciai comment here, The fact that private stocks and
production don't have an elasticity of one as expected, probably
is a result of data inconsistencies. The -1.25 long—-run price
elasticity is within reason as 1s the -2.3 short-run price
elasticity. The .45 and .68 elasticities with respect to soy
0il prices are not hard to accept when cne realizes that

rising éoy ¢il prices promise higher bean prices and speculative
hoarding may take piace.

Production: In the long-term both future and

cash prices influence production decisions strongly: These
results were not paralleled in the short texm, however. In
part, this inconsistency may be the result of our estimating
of production in the aggregate and not estimating acreage and

yvield separately.
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Short Hedging: As hypothesized, stocks play

an influential role in hedging with greater impact in the short-
run than in the long-run; giso as e#pected. The trend‘in the
near futures price of corn also influences the trend in the
Suppiy of Futures contracts as one might expect since soy oil
and corn oil are substitutes. Most -important, the iong— and
short-run supply of futures contracts appear to be jnfluenced

by the accuracy of crop projeétions.

Long Speculation: Here, the mest important

factor appears to be monetary conditions i.e. the availability’”
of credit, as reflected in the interest rate on U.S. Governmént
3-6 month Treasury Bills. In sc far as speculators take net
financial (as opposed to physical) positions this result is not
surprising. What is surprising is the size of the response in
the long-run, -.73. Its absence in the short-run is not dis-
turbing owing to the techniéal rigidities in coordinating
short-term futures trading and éhortmterm money market activity.

Near Futures Price: The elasticities reported

here stem from the hypothesized relationship between net effec-
tive open interest and the change in the near futures prices.
The results suggest that the near futures price moved slightly
iﬁ response to imbalances between supply and demand and
obversely that small mevements in prices elicit large movements
in supply and demand.

2. Wheat

a. Institutional Overview

The Chicago Board of Trade accounts for over
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85% Of the trading activity in wheat céntraqts. A contraét
consists of 5000 bﬁshels and the contract months are July,
September, December, March, and May. Wheat is harvested from
June to September and the most heavily traded contract is May.
Prices are guoted in cents per hushel. The smallest recorded
price movement is 1/8 cent or $6.25 a‘contréct. The largest
admissible daily price fluctuation is 10 centé per bushel or
1appr§ximately $2.20 per bushel per month.

The Government plays a strong role in the
market for wheat. Most of the carryover from year to yvear is
owned by the Commodit& Credit Corporation, an agency of the
Department of Agriculture. The loan rate given to producers
by the Gove;phent is the level arcund which prices fluctuate.
U.S5. exports of wheat are made primarily by the Government,
_since Government wheat price supports tend to be_substantially
above world market prices.

Unlike sovbeans, that are largely transformed
into o0il and meal, the largest source of domestic disappeérance
of wheat is food consumption'and,_thefefore, the prices of
t¥ansformed wheat producté suéh as bread will be reflected in
wheat prices.

One of the most important "substitutes" for
wheat is corn and a favorite wvehicle for speculators has been
the spread between long December wheat and short December corn.
corn and wheat harvests are approximately 3 months but of phaée,
with wheat preceding corn. Accerdingly, one can expect Lo see

three month corn futures influencing spot wheat prices. Other
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less important complements and substitutes include ocats and trye.
These commodities afe not considered here.
b. The Model

"The core of the wheat model consists of eight
:behavioraliequations. These equations are presented in Table
IV.3 and, like the soybean model in Table Iﬁ.l, are in linear
semi~reduced form. The structural dialogue between thée spot
and futures markets is similar to that discussed in the scovybean
model aha need not Ee repeated here. Similarly,'the data
transformations alsc are the same for the wheat model as for
the soyhbean model. It shouid be nqted, however, that the
length and timing of the distributed lags in the wheat model
shéula‘be guite different from those in the soybean market
since the harvests are out of phase with one another and are
lof different lengths. Thus, for example, the impact of USDA
forecasts can be expected to exert a different pattern of
influence on wheat prices than on soybean prices,

c. - The Data

For the most part, the data used in the wheat
médel required the same type of data transformations and are
subject fo the same shortceomings as in the soybean'model.
Accordingly, these.procedures are not repeated here, However,
there are some exceptions worth noting. First,.the'“linking"
contract wmonth for whea? was taken to be May, the most heavily
tfaded contract. Secondly, the domestic wheat harvest distri-
bution is spread cut owver the montﬁs from June through

September. The corresponding USDA forecasts and their standard
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errors are in June, July, August, September and October. The
October "forecast", like the November soybean "forecast" occurs
after the harvéét owing to-rgporting delays.

The data sources used for the wheat model, for
the most part, are the same as those listed for the soybean .

model. The major additions to these sources include:

® Wheat Situation Report[9p].This source is one of the

most complete data libraries for the grain markets
in general. Included in its lists are weekly price
changes, CCC sales, domestic stocks, exports, and
crop.forecasfs.

@ The Grain Market News [85]. This source provides both

weekly and monthly summaries of the week's markets,
exports of wheat and flour, and government activity
and U.S. prospective plantings.

@ The Quartefly Stock of Grain in All Positions Report{gg].

This source provi@es a qﬁarterly.bre%kdown of the
stocks of wheat by size, location,.and ownefship.
d. Estimation Results
The emperical results for the wheat model also

are encoudraging. As in the case for soybeans, the trend
equationsg explained over .90 per cent of the variafion and the
regsiduals from these estimating equationé do not exhibit statis-
tically significant serial correlation. The auto=- aﬁd
cross-spectral analyses of the estimation residuals did not
reveal significant power concentrations at the 20% level and
the Durbin~Watson "d" statistics lie between 1.89 and 2.08,.
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The “seasonal® estimating eguations explain between 45 per cent
and 80 per cent of £he variatidn. Although the R2 are lower
for the seasonal equations than for the trend equationé it must
be noted that the seasonal components contain a majority of

.the noise in the original series. Unlike the other estimating
equations in the soybean and wheat models tﬁe seasonal equations
in the wheat model did exhibit some statistically significént
positive auto-correlation. in particulér, the preoduction
equation had a "d" statistic of 1.43 and a significant power
concentration in the 60 to 84 month spectral band. Although

the estimating eguation did‘not capture this source of variation
the residuals are uncorrelated with the other series of residuals
~and the total trend plus seasconal variation explained exceeds
 85 pér cent.

In Table IV.4 we presént the major statiéticélly
gsignificant impulse-response elasticitie; estimated 1n the wheat
model.. As in the soybéanlmodel the elasticities represent the
full impact of an impulse on the indicated response variable
i.é. they reflect the net impact of tﬂe impplse over time.

| The results do not contain any major surprises
and conform closely to what one wéuld expect. Hoﬁever, each
of the relationships warrants some further comment.

Net Private Exports: The most influential

factor in long-term net private wheat exports appears to be
European per capita food production. This result, of course,
corresponds with the dominant U.S- wheat flow to Europe. The

price elasticity of -1.47 appears high but of the correct sign.
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Table IV. 4 COMPEXDIUM OF LONG= AND SHORT-TERM ELASTICITIES IN THE SPQT AND FUTURLS MARKET FOR WHEAT

Impulse

Response

0E~AI

Long Term: .

Ket Private Bxports 1 GhT 372 R !

Private Domestic Demand 1 ) +36 a6 0

Private Stocks I B .04 1 .30 =664 ,31

Mroduction - 1 gt

Shart Hedging LY 3 1 ¢ 0§37 1

Lang Speculation 1 73 . a a

Neay Fuature Pricae o1 ot 1

Net Privote Exports

Privato Domestic Demand

Private Stocks Ju]  es i{e0e 9,36 3103 156

Preduction 1 At ez

Short lledging 208 1 ]

Long Speculations ' 1 ] ) ] ] [

luar Futures Prige FO6  (+t6 1




Similarly, the .4 Qlasticity on the world price representing
Canada, Argentina, énd Austra;ia appears to be high but of the
cofrect sign. It must be remembered however that these are
private exports and that U.S. Government exports made up the
vast majority of U.S. eéxports over 1961-1971. Owing to the
absence of guarterly or monthly data, no short term elasticities

are reported.

Private Domestic Demand: The futures and
cash prices appeax to_exeft very strong influénceé on private
domestic demand. The positive sign on the near futures price
may reflect processors desires to "buy noﬁ and save later".
The negative sign on the cash price, of course, is what one
would expect. Again owing to the annual ﬁature of the dafa
only long-term associations could be tested properly and

reported.

Private Stocks: The responses of private stocks

to'exports, domestic demand and pxoduction-foilow from accounting
identities and need not be discussed £urther. The negative
elasticities on long- and short-tefm corn price movements
underscore the substitutability of corn and wheat. The greatef
cross elasticity in the short-run also comes as no surprise.
The most intereéting results are the negative elasticities on
the futures price and the positive elasticities on the cash
price. In a speculative sense this is'opposite to what one
would expect under normal conditions. No doﬁbt, these results
reflgct in part the heavy policy actions of the U.S. Government

in the wheat market.
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Proquction: U.S. wheat production appeafs to
respond strongly to.ﬁovements in cash.and futures prices. The
posigive association of course is the only one that makes sensse. -
The magnitude however is high and again may be the result of
Government price stabilization policies. ©No distinction was
made between the long- and short-run here owing to the psuedo
periodic and non-stationary character of productibn.

Short Hedging: The supply of futures contracts

does respond strongly to the accuracy of crop forécasts
especially in the long run. One would expect just the opposite
intensities but, the wheat harvest covers many months unlike
soybeans and this physical fact may account for the results.

The most distrubing result is the negativé association to stocks.
However, these results also may be é reflection of hedgers;
responses tb Government purchases or sales.

Long Speculation: Here, as in the market for

soybeans, money market conditions, as reflectea in the trend in
Treasury Bill ;ates, are the dominant influence. As noted
earlier this corresponds to the predominantly financial
character of speculators.

Near Future Price: The response of long- and

short—teim near futures prices to hedging and speculating is
very shallow i.e. moderate changes in near futures prices
coincide with very large changes in the quantities of future

contracts exchanging hands.
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drawn from

GCeneral Conclusions

There are a number of important conclusions to be

these case studies. They are:

&

The general structure of the spot and futures

‘markets for agricultural commodities are very

similar as indicateé by the elasticities
presented in Tables IV.2 and IV.4. That is

not to say{that the impulse response relation-
ships afe identical but rather that.the
structural linkages are similar as hypothesized.
The accuracy of crop forecasts, as méasured

by their error variation, exert a statistically'
significant influence on thé futures market in
both the long- and short-run.

Hedging activity is closely related t§ physical
stocks of agricultural cémmoditiés. |
Movements in cash or spot priceé are closely
related to movements in physical supplies.

Net private exports are highly responsive to
U.S5. prices and per capita foreign food
production,

Domestic private demands forlwheat and soybeans
are responsive to the spot prices for' those

commodities.

"pProduction of soybeans and wheat is responsive

to both cash and futures prices.
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& Regular seasonal patterns exist in the futures

markets for soybeans and wheat.

From these conclusions a few lmportant inferences

can be drawn concerning the importance of exports and crop

forecast information on the markets for soybeans and wheat.

They are:

the benefits

Crop forecast error variation (a measure of
inaccuracy) is positively related to commodity
prices. That is, thé higher the forecast error
variation therhigher the price and obversely
the more accuratie the forecasts the lower the
price.

Largé unexpected surges in foreign demand will
have a pronounced effect on domestic prices.
Furthermore, these unexpected surges may be
viewed as inaccurate forecasts 6n the demand
side. To the extent that these surges in
demand.result from unexpected harvest results
in foréign countries, they may be viewed as
inaccurate foreign érop production forecasts.
Frém the above inference it follows directly
that the accurac§ of both domestic apd foreign
crop preoduction forecasts are an important

influence on domestic U.S. commodities markets,

These conclusions have strong implications toward

“that may be derived from ERTS crop forecast

information and U.S. Government agricultural policies. These

topics are the subject of the following section.
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V. POLI&Y COORDINATION AND THE VALUE 6F
ERS INFORMATION
In this section we discuss the value’of ERS

information and its role in coordinating U.S. Gévernment
lagriculturai policy. The material is presented in two parts.
In Part A we presenlt the rationale for ERS Qenefits to
society, a methodology for estimating these benefits and
preliminary ,estimates of those benefits based on the results
presented in Section IV of this study. In Part B we discuss
the potential uses of ERS crop forecasts in coordinating U.S.
Government agricultural poliéies. in particular, the discussion
focuses on thg role of ERS information in the Governments
domestic purchases, sales and exports of agricultural
commodities. |
A; The Value of ERS Information

The only physical products of a space-based ERS system are
hard-coﬁy photographic prints, computer compatible digital
tapes, and data collected by earfhhbased data collection
platforms (DCPs) which are relayed to éround stgtions by
space—baéed data collection systems (DCS}. These products
Vhave little economic value aside from those associated with
‘+the interesting pictures that one might but to hang on a wall.
Thé economic value of an ERS svstem derives from the.economic
value of the information it produces. The value of this

information is reviewed here.



1. Rationale for Benefits
Estimates of crop acreage and yields, leading to
forecasts of total production levels, are essential for
efficient planning in all ph;ses of product processing and
distribution. Accurate forecasts pernit precise planning for
more efficient transportation and processing of commoditiesy
and can help identify potential shortages. Reliable final
yield and acreade estimates provide the information necessary
for optimal capital investment by proceésors; and allow
estimates of future demands for farm machinery and services.
The forecast of agricultural production is an activity
of major importance in the management of natural resources and
if is practiced in virtually all countries of the world. The
reasons for social benefits accruing fo improved Crop‘fc;ecast
éccuracy a?e straight forward.
@ Inaccurate forecasts result in distorted priceé
that in turn cause a net decrease in social welfare.-
@ Timely ard accurate forecasts of surpluses or
shortfalls allow Governments and private operafors
to plan domestic and foreign policies and actions:
e.g.., inéreaéed output, reduced co;ts,,remedial
action against declining prices.
-] Accurate‘forecasts allow Governments and private
operators to optimize the utilization o£ existing
storage, transportation, processing infra-.

structures and facilities.



For example, consider a simple example pertaining to
the production of Qheat. A farmer, having raised a marginal
winter wheat crop and in the presence of a forecast for a
record wheat harvest, might choose not to hérvest hié wheat,
but plow it under for a summer crop. The wheat crop forecast
of a record wheat harvest served to réduce fhe market price
structure (the set of present and future prices} of wheat
since increased supply interacting with unchanged demand will
depress ﬁrices. From the farmer's viewpoint, his expected
profits {(revenues, which depend upon the likely market price
minus his costs) are close ﬁo zero, or negative, and his
correct decision is not to harvest or to plow under most of it.
If.updated ERTS infermation (having the attributes of being
more timely and accurate than samples drawn by conventional
means) indicating & reduced wheat harvest had been available
earlier, the farmer mightinstead have.chpsen to harvest more
of his wheat. \

Although the rationale for benefits are straightforward .
the valuation of these benefits is not'intuitively obvious.
This issue is discussed next.

2. A Methodoloéy for Valuation

The valué of information can be determined using
standard economic theory of supply and demand. Figure Vv.1
presents a typical demand curve for a commodity. Each consumer
is faced with a budget constraintwhich places a limit upon the
amount of goods and services that he can command (buy in the

market) at any given tine. The consumer, therefore, views
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his consumption of any given commodity as a decision to forego
other alternatives that are available to him. Hence, the

'

economic concept of "opportunity cost," that is, the economic
cest of an action is what is foregone as its consegquence.
Anything that can reduce the opportunity cests of actions
(decisions) indeed pfovides economic-benefits, and, as éhall

be shown, this is precisely the role that information plays

and the means by which it obtains its economic value. In

the same example of the farmer, the opportunity cost of plowing-
undexr his field were the net revenues.foregone by the action.
If, as the example contended, the market price were {(owing to

a forecast of a large crop) relatively low, then the Opportunity
costs, o©f the plowing-under decision woula be zero or even
negative (i.e., the farmer would lose money 1f he decided to
harvest). But, as the example went on to show, the‘actuél'state
of the world was not a bountifulrharvest‘and the market price

when the farmer would sell was higher. Thus the realized or

ex post opportunity cost of plowing under was positive and

the farmer should have harvested and bhroaght the wheat to
markét. The wvalue to the farmer of the "better" (more timely,
more accurate, more complete, etc) information such as the
kind that could be obtained from ERS systems,.is his net
‘revenue obtained from the change in decisioﬁ due to the
informatioﬂ.

Returning to Figure V.1, thecdemand curve illustrates the

amecunt of an item a comsumer will buy at a given price or, "obversely



the price of consumer will pay for a glven quantity. Owing to
diminishing marginal utility the consumer may be willing to pay

price P_ for the first unit consumed but pay only price Pi for

1
the it uynited consumed. Assuming money is a firm measuring rod
of utility, the existing market price is Pe' and consumption is

Qe then the shaded area below the demand curve continuvum and

above the market price depicts the surplus value received hy

.the consumer by paying price Pe on atl Qe units. The full money

value to the consumer is the entire area under the demand curve
up to the guantity purchased. The cost to the consumer. however
is only PeQe' The difference between the full money wvalue and
the amount paid is the surplps.

If the market eguilibrium price and guantity were Pl and'

Ql respectively and shifted to P, and Q? as shown in Figufe V.2,

2

w“consumers would reap the "benefit" or incremental consumer surplus

indicated by the shaded area. The area defined by (Pl - P2} Ql'

is called the direct consumer benefit and measures the incremental

surplus to consumers if no additional units were purchased in spite
of the lowered price. The shaded area corresponding rougly to

1/2 (Pl - P2) {Q2 - Ql) iz called the indirect benefit and re-

presents the incremental surplus to consumers from additional
pufchase owing to the more attractive price.

The above disussion applies only to consumer benefits,
Producers':and society's Dbenefit may be illustrated in a similar

fashion. In Figure V.3,DD is the aggregate demand function for a
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commodity and thé initial market supply-demand equilbrium is
such that Ql is demanded at p#ice Pl. At thé:point (Pl' Ql)

the following conditions prevail: consumers are enjoying a net
‘benefit (or consumer sufplus) éf A, and preducers are enjoying

a net bengfit of B + E, thé so-called producer surplus., This
latter surplus is the difference between total revenues obtained

from selling Q1 at price P. and the cost of producing those items

1
represented by the area below the supply curve and above the

horizontal axis between O and Ql. . ‘ .

to 5,

Now suppose the supply function shifts from Sl 5

indicating that (in general) each unit of output c¢an be provided

at less cost thah before. The market will move to a néw equilib-
fium gituation and the following conditions will prevail. Referring
to Figure V.3, consumer surplus increases from A to A + B + C + D

and producer surplus changes from B + E to E + F.

Certainly the consumer reaps bgnefits from the lowered
prices i.e., A + B + C + D >A. The change in producers‘ benefits
however are not necessarily positive since B + E ; E + F. The
resul£.de§ends upon the elasticities of the supply‘and deménd
curves. . The net bengfit to society would be B + C + D + F - B or

C + D + F and also depends on the elasticities of supply and demand.

3. Types of Benefits From Improved Crop Forecast Information

With the above concepts as a backdfop there are three
major types of benefits from improved crop forecast information:
disfribution bénefits, disﬁoarding benefits and production benefits.
Each of these benefits 1is describéd further in the following

paragraﬁhsv



Figure V.3 Increments in Consumer
B and Producer Surplus



a. Distribution Benefits

. .
"Distribution benefits" arise when a given (perfectly .

inelastic) supply of some commedity is consumed fully in a two
period world that responds to imperfect forecasts as if they were
true. These benefits are iilustratéd in Figures V.4{a) (b) (¢) and
(d). In the upper left-hand chart, {a), the true supply and demand
for a commédity are presented. Here the equilibrium price and
qgantity'are Po and Qo' respectively. Now, suppose that in
period 1, supply is believed .to be Ql and the market quilabrates
at price Pl. This is shown in the upper right hand chart of
Figure V.4. Here the shaded area‘indicates the periecd 1 welfare
‘loss, owing to the underestimate of supply. By the next period,
héwever, the underestimate of supply has been detected and the
supply of the commodity surges to an "effective tﬁo period level"

5 This reaction 1is shown in

-of Q2 with a new lower price of P
chart (ci in the lower left-hand corner of Figure V.é. _Hére the
shaded area indicates the welfare gain'in the second period.
Without regard to discounts, etc. the net welfare loés to soclety
owing to misiﬁformation is the shaded area in chart (4} in the
lower right-hand corner of Figure V.,4.

In this admiﬁtedly simple world, the net welfare loss
indicates the potential welfare gain to society from perfect
information at the outset. A partial improvement in information,

of course; will capture only a portion of the original welfare

loss or potential welfare gain. This partial improvement is
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is illustrated in Figure V.5. In this figure the original welfare
loss or potential welfare gain, is thé shaded area bouhded by

Po' P2, Ql and Qo' This logs, of course,'corresponds to some
:original fQ:ecast error probability density function, Improved
information, is reflected in a narrower or £ighter forecast error
distribution, The reduction in forecast error variation implies

a new and smaller welfaxe loss (the Residual Welfare Loss)
bounded'ﬁj Po' PZ*' Ql*, and QO. Thé difference between the
original welfare loss and the residual welfare loss is the welfare
gain owing to improved infcrﬁation and 1is illuétrated in the

lower right of Figure V.5.

- An estimate of this type of benefit is extremely complex
and involves the use of simulation methods owing to the stochastic
nature of the problem, the possibility of carry over and the
variable lengths of the storage and distribution periods. A more
detailed discussion of‘these benefits, and their measurement, is
presented in another ECON cast study* and are not repeated here.

b. Dishoarding and Production Benefits

Dishoarding benefits arise in a worlé that is risk averse
and tempers 1ts response to forecasts owing to their uncertainty;
Here, stocks are assumed to be hoarded in proportion to the |
uﬁéertainty surrounding anticipated or forecastéd hérvésts.

* Bradford, D. and Xategin, H., The Value ﬁf Improvéd (ERS)
Infoermation based on Domestic Distribution Effects of

U.5. Agricultural Crops, ECON, Inc., Princeton, N.J., 1974
{forthcoming}
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Improved forecasts in this case would reduce uncertainty and
therefore reduce risk balanées and their associated storage costs
and increase évailablelstocks. The reduced storage costs and
increased availability of stocks would he ;eflected by an increase
in supply, as illustrated in Figure V.6, Thg benefits to con-~
sumers, producers and society from the increased supply are

indicated in Figure V.6 and the corresponding algebraic summary.

Production beﬁefits manifest themselves in a manner similar
to the dishoarding benefits discussed above. In this case farmers
may pass oh lower production costs owing in part to reduced storage
costs for "risk balances" of feed, seed énd Other factors of
production. Lower production costs again may be illustrated as
ﬂan‘increase in supply. This increase in supply and the resulting
benefits to consumers, produpers and society aré illustrated in
Figure vl?.

Before turning to our estimates of ERTS benefits (Typg Ii
or dishoardin§ benefits) it is worth noting the vérious technical
attributes ﬁf a crop forécasting system and 6ur focus on improved

forecast accuracy in assessing the value of dishoarding benefits.

4. The Characteristics of Im?roved Crop Forecast Informaticon

A Ccrop foreéast system can be described by_technical
attributes. These attributes include:‘ timeliness, accuracy,
completeness, and dependability.

Timeliness is a term for the attribute of the system which

reduces the lage between the occurrences of a phenomenon and the
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knowledge of the eveﬁt by decision-makers who may benefit from
the information. With the current capability of oné-in-eighteen-
day observation of the same axea and the future possibility of
"real time"™ observation [(using synchronous satellites); the
decision-maker can react with minimum delay to natural and man:
made events. "Time" is certainly oﬁe of the most important
elements in production in modern economy, and any system that

can reduce this factor wili provide economic bénefits.

Accuracy relates fo the ability to correctly interpret the
system's information (ERTS imagery). This places a burden on the
system'to provide relevant data that can be interpreted accurafely.
There are technical properties of ERS imaéery that strongly sug-
gest the system will reéord events more accurately than by con-
ventional méans. A sdtellite system provides sun sjnéhr@nous
imagery of the same area, it does not require orthographic.
redtification, and it caﬁ take "snapshots" ofllarge area phenomenon.

The corresponding forecast improvements over current methods are

présented in Part 5 below.

Completeness expresses the attribute of effective sample
éize. \It would, from a cost standpdint = assuming that the othef
technical attributes were attainable by other means - be pfohibitive
to acguire the same amount of information made avaiiable by ERTS
from some other existing crop monitoring system.

Dependabilitz refers to the attribute of regular and

repetitive coverage. For ERTS-type systems there is the problem

v-1l6



of ecloud cover. However, there is a véry high probaﬁility that
ényone seeking an image §f a‘giﬁen area will obtain it over a
nunber of satellite passes. Of coursé, a user may want the in-
formation for a given day, week, month, season, etec;. and cloud
cover can inpurge on this demand for timeliness. But inclement
weather cgnditions hold forxr aircraft-derived imager§ and ground
truth as well.

Estimating the benefits from an improvement in each of
the above attributes is beyond the range of this study. As a
first attempt, our focus here is on improvements in crop pro-
duction forecast accuracy. Aé noted iﬁ Chapter IV above, accuracy
is measured iﬁ this study by the average absolute'percent errors
of annual crop production forecasts made one, Ewo, th?ee, etc.
months prior to harvest. In Chapter IV it also was nétea that
this proxy measure of risk waé found to héve a significant impact -
on futures prices and gquantities which, in turn, were reiated to
physical prices and guantities. These results make it éossible
to assess some of the benefits from potential ERTS improvements
in forecasts. These estimates are discussed further in the

fellowing paragraphs.

5. The Value of Improved Information: The ERTS System

In the following‘paragraphs we present our éstimates of
the annuél dishoarding benefits to consumers from potenfial ERTS
improvement over current crop forecast accuracy on soybeans and

wheat. These estimates are based on likely ERTS accuracy
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iﬁprovements {to be ﬁresentéd), the elasticities.presented in
Tables IV.2 and IV.4 above and on 1973 prices and qguantities.

The actual calculation of these benefits, inen in part V.A.5.Db.
below, are illustrated in the flow cﬁart in Figure V.8, Here,

an assumed change forecast error variatiqn (a reduction) is traced
through the system of elasticities £0 deteimine relative price

and quantify impacts. These impacts then are combined with 1973
prices and guantities to piovide the benefits estimateg. It
should be noted that conservative upper and lower bounds are
given. The "uper bound" indicates the direct benefits to.con—
sumers using the estimated coefficients. The lower bound
represents an estimate of the direct benefits to consumers where
Vthe "slope" porticon of the elasticifies ﬁave been 19wered or raised
two standara deviations in order to obtain an unlikelf lbw
benefits value.

Two additional points.must be noted; First, the benefits
estimates presented are not based on a full simultaneous selution
of the model inveolving all of the estimated elasticities and
intercoannections. To be sure such an approach 1is desirable and;
based on Bir findings in this study, appears to be within reach
of an extended and expanded effort. This time around, however,
we must limit ouréelves to the "conditional" henefits. estimates
presented. :

Second} as noted above, the size 0f the benefits from

improved information depend in part on the assumed improvements

vV-18
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in forecast accuracy. Outrageous assumptions as to accﬁracy
improvements, of course, WDuid_invaiidate the benefit figures.
The improvements assumed here are thought to be conservative
and are discussed further below.

a. Likely Accuracy Improvements from an ERS System

An analysis of the accuracy of crop forécasts by
Gunnelson et al* concludes that the USDA tends to (L) under-
estimate crop size, (2} under-estimate the size of changes in
production from year-éarlier levels and (3) undercompensates
for error in previous forecasts when developing reviséd crop
forecasts. Absoclute forecasting errors are a functicon of the .
length of the forecasting period. ZExamples of average fore-
casting errors by month of forecast for wvarious commodities are
presented in Table V.l below..

Crop producﬁion eétimates-are'generally-arrifed at as
the product of two components: acreage and vield per acre.
Approximately one-half of the inaccuracy of U.5. wheat and soy-
bean production forecasts is in the estimatioﬁ of-the acreage
component. Thus., even if remote sensing could improve only the
acreage portion of the reduction estimate, a siqnificant improve=
ment in the production forecast would result. Based on the Task

* Gunnelson, G. et al, "ARnalvsis of the Accuracy of USDA Crop

Forecasts," American Journal of Agricultural Economics,
vol. 54, No. 4, Part 1, November 1972: pp. 693-0645,
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Table V.1 Size of average Absolute percentage Forecasting Error in USDA
) Crop Forecasts by Commodity and Forecast Month, 1929-19702

Abzolute Errer by Forecast Month
(Percentages)

Commedity | Decerber BApril . May June "July  August September October November
Zarley | ‘ 7.1 - 3.1 2.2
Corn . ' | . 9.2 5.9 4.0 2.8 2.9
0ats 4 ‘ 4.9 2.9 2.4
Potatoes, 5.5 4.5 3.2 2.6
Soybezns | o | o ‘ 5.7 5.1° 3.7 2.9
Spring Wheat - 10.7 6.7 3.0 2.8
Winter Wheatd 11.5 8.5 f.ﬁ 6.9 4.0 2.1

aForecasting error egquals the absolute difference between the forecast and the
December revised estimate expressed as a percentage of the December revised estimate.
bLOTCE“taPPS computed from data for 1944-1970.
Percentages computed from data for 1540-1270.
Ervor percentages for December 1“4 winter wheat forecasts computed from data for

1942~ 1970. Error oerceﬂtages for other winfer wheat forecast months computed from
1929-1970 data.

Sourcz: Guunelgon. G. et al, “"Analysis of the Accuracy of USDA Crop Forecasts"
American Journal of Agricultural Economics, Vol.54, No.4, Part i. ©November 1972.
pp- 639-645. '




Force on Agriculturai Forecasting Report,* current data strongly
suggest that ERTS may improve acreage forecasts by at least 50
ﬁercent throughqut the forecast periocd [92]. That is, ERTS—based
acreage forecasts would have less thén half the error variation

of current USDA acreage projections. Thus, in the benefits
estimates to Ee presented; the calcﬁlations assumé only a 25%
improvement in produdtion forecast error variation. Since studies
of ERTS-1 vield estimates éuggeét that similar‘imp¥ovements may

be made here and since tiﬁing, completenesé and dependability
improvements have not been considered the assumed ERTS imbrovément
in production forecasts are considered to be cbnservative.

The potential accuracy improvements in ERTS~1 Qver
current USDA methods are shown in Pigure‘V.Q.- It is on the basis
of these dafa that our ERTS accuracy improvement-assuﬁp#ions were
made. |

b. Benefits Estimates

The estimated direct benefits to consumers from a 25%
reduction in forecast errox variation are summarized in T%ble v.4.
These values were calculated using the assumed ERS accuracy
improvement together with the elasticities presented in Tables

IV.2 and IV.4 and 1973 prices and gqguantities.

* Wood, D.B., et al, "The Use of the Earth Resources Technology .
Satellite (ERTS) for Crop Production Forecasts," Task Force
on Agriculture Forecasting, Goddard Space Flight Center,
Draft Final Report, July 24, 1972.
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The aétual calculation of the benefits are set forth -
in Tables V.2 and Vv.3. The upper bound benefits valué is based
on the reported estimation coefficients. The lower Dbound benefits
were calcﬁlated using impulse responée coefficients two standard
deviations below (or above} their estimated value. In a statistical
sense it is highly unlikely that the consumer benefits from a 25%
reduction in crop forecast error variation will.fall below the '
lower baund benefits values. Moreover it is worth noting that
‘these benefit'estimates are especially conservative iﬁ so far as
they only reflect the direc£ benefits to consumers and do not
include the likely yield estimate iﬁprovements and secondary
effects such as those brought about by the increased availability
of loanable funés.

B. Government Agricultural Policy Action and the
Impact of Improved Crop Projections.

In the previous paragraphs estimated benéfits to.society
of ERS crop forecast information were presented. In these para-
graphs the operational side of these ERS benefits are explaored
specifically the discussion focuses on the.impact of ERS crop
projeptions on the government's policy operafions in markets for
agriculture commodities. It must be noted that no attempt is
made here to aszess.the "right" or efficiency of the government's
activity in the domestic and foréign ﬁarkets for commodities.
Rather the discussion here is positive and describes the likely
impact of ERS crop forecast information on government's policy
operations.regardless of the merit of those objectives. To be

sure, it is beyond the scope of this discussion to explore this
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Table V.2

Direct Consumer Benefits Estimates for Soybeans

UEgerlBound

.25 .038

1/.184

% Change in Fore- Accuracy Elasticity Hedging Elasticity
US = | ¢cast Efror Variations of Short Hedging of Private Stocks

= £337 millien

% Change in Spot Price 1973 1973

from a 1% Change in Prima Quantity

Quantity L $6.52/ 01,293 mill.hu
1,280

)

Lower Bound

% ¢hange in Fore-
L ™
5

edging Blasticit

Accuracy Elasticityy fH
cast EBrror Variation%) of Short Hedging )(?f Private Stocks

.25 026

= 571 million

1/.3318

)

% Change in 8Spot Price
from a 1% Change in
Quantity 1

1973 1973
(Pxic%(guantity

$6.52/\1,283 will.bu
2.262

)
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Table V.3 Direct Consumer Benefits Estimates for Wheat

Upper Bound

W

% Change in Fore- Accuracy Elasticity Hedging Elasticit
u - cast Error Variation of Short Hedging of Private Stocks

.25

$212 million

% Change in Price
from a l% Change
in Quantity 1/.39

. 365 1/1.982

1973

X

1973
- Guantity : )

Price
$2.321

786,56 mil.bu.

Lower Bound

L
- =

% Change in Fore-
cast Error Variatio
.25

535 million

Accuracy Elasticity Hedging Elastleity) /3 Change in Price
n of Short Hedging of rrivate Stocks froem a i% Change

.145 1/3.422 in Quantity 1/.5%

1973
) Price
52,31

1971
Quantity
786.6 mil.bu.
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Estimates of Annual ERTS Benefits (Based

Table V.4
on Likely Reduction in Crop Production
Forecast Error Variation asg Determined
By D. B. Wood [92].
Annual Benefits
crop’ |
' Lower Bound ) Upper Bound
‘Soybeans $ 71 mill ' $337 mill
Wheat : $ 35 mill = 5212 mitl

TOTAL

$106 mill _ '$549 mill




area in detail. However, strong policy observations can be made
Vfrom a broad brush stroke portrait of the issure. In the para-
graphs to follow two examples are used to sketch such a portrait.
Before turning to these é;amples some description must be given
of the government's basic pésture in the economy in order to
view properly the ERTS impact to be discussed.

It is assumed that the government sets goals or targets
on aéricultural prices and attempts to achievg those goals through
judiciously orchestrated purchases and sales of the ”targgted"
commodity.. Thtat is to say, the government is assumed to act as
a grand econoemic agent to eguilibrate supply with demand at some
“desired” price. With this backdrop, the discussion now tﬁrns
'£6 the impact of ERS-improved crop forecast accuracy on the
government's domestic and foreign agricultural pélicy operations.

1. Improved Information and its Impact on Government
Domestic Purchases or Sales

A common domestic objective of the govérnment,
operating through the CCC, is to ensuré a parity price for certain
agricultural commedities such as wheat. .The bésic operating rule
for the CCC is to purchase a commodity when the m%rket price
threatens to fall below parity and sell the commodity when prices
have surged bevond some predetermiﬁed upper limit. ~These actions
by the government serve to increase demand in the former case and
increase supply in the lattexr. Ceterus paribus, the results in

turn exert upward or downward pressures on prices, respectively.



Market prices, however, also reflect expected demands
and expected supplies. Because croprforecasts, and'therefore
ekpected supplies, change from month to month as the harvest
draws near the government may be buying one month and selling
the nest in response to changes in market expectaﬁions owing to
changes in crop forecasts.

To the extent that forecast errors manifest themselves
in spurious price movements, the government will buy and sell the
affected commodity to keep its price within bounds. Thus, the
government acts to insulate +he market from forecast "noise".
Obersely if the forecasﬁs wer perfect the government étill may. .
enter the market to offset any demand-supply imbalance vis a vis
desired prices. ERS information, of course, will not alter these
operating rules. The impact qf ERS in this conte%t simply will
bhe to redﬁce the "noise" the govérnment ﬁust filter from the
system. Thus, ERS-improved forecasts may exert a passive in-
fluence on government domgstic operations. However, there is one
way in which the ERS noise reduction may.enhance government
policy operations. Evexy réduction in market noise oniy improves
thé government's view of the market and therefore helps the
government design and implement better ané more eff%cient agri-
cultural policiés.

2. Government Agricultural Export Policies and World
Wide Crop Projections

The most recent Russion wheat deal illustrates the

importance of a world wide monitoring system and how such a system
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can assist U.S5. agriculture export policies. Althoughlthe
pictorial history of that trahsaction iﬁ Figure V.5 virtually is
self explaqator}, some further comment is warrented. In early
to mid 1973 the United States opened its wheat supplies to the
Soviet Union. At this time it was known that the Soviets wouid
experience a seriocus shortfall in wheat production. However,

the size of the shortfall and the potential purchase was not
known td the market. Recognizing the ecconomic value of an un-
informed ﬁell—intentidned trading partner, the Russ}ans moved
swiftly and'purchased millions of tons of wheat for future de-
livery at prixes that reflected the market's ignorance. Soon
after the massivé Russion entry into the market U.8. domestic
prices socared to record levels.

| In its negotiating with the SovietiUnion the United

States government expected Sbviet-purchases of ué to 10 million
tons.. Tﬁe elasticities preéented in Table IV.4 and based on
1960-1971 data Suggest that such a massive increase in demand
would raise prices by almost 100 per cent, In fact theréoviets
contracted for 10 million tons of wheat in less than a month ana
went on to purchase at least an additional 2 million tons. Had
this market impact {(of sales of this magnitude) been known by the
United States the Russion entry into the market could have been
phased over a longer period. In this way the market could have
adapted to éach Soviet bid and, as prices rose, thé Soviet appetite
may have been curbed. At the very least, the Soviets would have

shared the first operational costs of Detente.
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On the one hand, the new-rouﬁd of inflationary pressurés
broﬁght on by the Russions ﬁhéat deal, could have been reduced
through the_intelligent scheduling_of the Soviet entry into the
market by fhe U.S. trade negotiatoxrs. On the other hand, even if.
the U.S. trade gegotiators were not wise to the likely market
~impact of such a transaction the market was. The problem here,
of course,‘is that the U.S. trade negotiators and the market
did not have accurate estimates of Russion demand i.e., we did
not have ﬁccurate estimates of the shortfall inm the Russian
harvests. Had this information been available to thg market,
and the U.8. trade negotiators, the market could have taken a
realistic bargaining position. It is claer that ERS information
tégether with knowledge of the market and intelligent ﬁargaining
could ahve satisfied Russian demandslwithout full.éubsidization by

the American consumer.
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VI. GENERAL CONCLUSIONS AWD RECOMMENDATIONS FCR FURTHER RESEARCH

The purpose of this study wasxto develdp a better understand-
ing of the commodities markets, with special emphasis on the im-
portanﬁe of crop forecast information and foreign trade, in order
'to assess the benefits to éociety frém improved‘(ERS) crop pro-
jections.‘ To achieve these goals it was necessary to determine
the elasticities of demand and supply in both the current (spot)
and forward (futures) markets for agricultural-commodities. This-
was accomplished through the formal development and estimation qf
economic relationships descfibing the behavior c¢f the markets.
The model followed the analytical and empirical lead of others
and;_ior the_@ostrpgr; ééfél}gls earlier findings.  Th9 PrihC%ééi
'ﬁniqué contribution is thé direct testing of the influencé of
crop forecast accuracy on market behavior. Alth&ugh the em-
pirical results and policy conclusions have been presented else-
whére, these results warrant repeating. here whereitheir full
meaning and_significance can be appreciated. To be sure this
report is not the last word on the complex issues studied and
theré‘are many areas where fruitful further research should bé
conducted. Accordingly in the last paragraphs of this report,

the most promising of these areas are set forth.



A. Ceonclusion
There are several major conoluétions to be drawn from
this study. They are

¢ Crop forecast accuracy.plays an influential role
in the commodities marketé.

@ Prices of commoditieé move directly with crop
forecast accuracy. That is, increases in forecast
inaccuracy iéad to higher commodity-prices, ceterus
paribus and obversely, imprévementsLin crop- fore-
cast accuracy lead to lower commodity prices.

@A twenty five per cenf improvement in the accuracy
of soybean and wheat crop pfoduction forecasts,
promises tens of millions of dollars worth of
benefits to society. . N

@Iﬁproved crop production forecasts.wili not impinge
én_U.S. government domestic agricultural policy
objectives and operations. in fact, improved
crop forecasts will enhance the soundness of those
objectives and the precision of these operations.

@ Domestic production is very responsive to prices
and increases in foreign demand will create upward
pressures  on prices.

o Foreign demand for U.S. soybean and wheat closely

reflects foreign per capita foed production
I3
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@Imprébedrestimates of foreign food production.used
wisely by all trading parties can lead to "pareto
optimal” exchange where neither party is worse off
and at least one party.is hetter off.

@ Failure to discriminate1or use wisely, accurate
foreign crop'production forecasts promises future
reenactments of the "pareto suboPtimal; wheat
transactionibetween the United Statés and the
Soviet Union.

® Long-term credit availability is an important in-
fluence in the commodities markets and is influénced
by inflation énd the factoré influencing thé rate
of inflation. | .

There are a number of other specific and tecﬁnical con-
clusions to be drawn from this studf. They are ﬁresented in Sections
IV and v anﬁ thoggh impﬁrtaﬁt to the specialist, need not bé re-
répeated here. There are, however, a number of'important-éreas
where fufther research and investigétion is crucial and these

topics are summarized next.

B. Recommendatiens for Further ‘Research..
The operating thesis of this study was to focus on

major issues and robust findings; leaving important but secondary

vI-3



issqes for future research. Amonérthenmost importan£‘6f these
issues and problems are the following:.

‘:@Owing to the interdependencies between crop pro-
duction decisions and between crop consumption de-
cisions a full.complemenf af agriculture commodities
should be studied in detail.

-@ Because individual crops vary in quality, harvest
time and final use; considerable attention should be
directed toward these intensive issues to better
understand the incidence of societal benefits from an
ERS system for-each crop.

@ Differences in tastes, soil fertility and harvest
time all suggeét that fo;eign demand for p.S. agri-
cultural commodities be investigated with much greater
detail so as td assess properly the benefits of ERS
to all trading partners.

@Furthér work must be done to improve the guality of
the current data used for empirical estimation. Here

improved sampling procedures and morxe complete and

vIi-4



highly fesolved records are most important.

@ The channels of communication that transmit pro-
duction forgcast data te the market should be studied
in detail so as to properly assess the value of time-
liness in crop forecast informafion.

@ The competitiveness of the domgstic markets for
agricultural commodities should be studied in oxder
to identify possible information bottlenecks.

Each of theée issues is a major topic in itséif_énd their
absence from this study oply serves to dilute its potential.

Nevertheless, the findings are substantial and argue strongly for

implementation of

an ERS system. To be sure, the substantial

benefits from ERS may not be realized owing to the unscrupulous

acts of those who would restrain trade for private gain or because

the information from ERS is not used or disseminated wisely.
Ignorance and wanton abuse, of course, are not reasons to refrain

from implementing an otherwise beneficial system.

[¥3]
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"5f _ The fo1low1ng repnrt s the result of a contract issued

'wf;_to ECON Inc.. of Prlnceton. New Jersey hy the Office of

'tAppI1cat10ns, NASA Headquarters, Washington, D.C. It is parﬁ

C 'ffv_of an ongD'Ing‘ effgrt on NASA’ 5 part to assess the value to

:'1fhusoc1ety of the products of its research and development efforts.

This report assesses the economic value of information
Eproduced by an‘asspmedroperat1ona1 version of an Earth Respurces
‘5 Survey~System oflihe ERTS claﬁs. The period of assessment is

from 1978 to 1993 and the information needs and technical

-q;capa6i1itieé7are.extr&poiated to that period for the assessment

"iﬁiof benef1ts. :

It shou]d be noted that the techn1ca1 capability of an ERS

"jgféyétem to forecast agr1cu1tura] production was not addressed in

:‘=3thié study" A NASA task force on agricultural forecast1ng

:prerformed a techn1ca1 analys15 of the theoret1ca1 capab1]1ty of

EE Tt ‘

a}an ERTS éﬁgﬁiﬁ to provwde_jmproved agr1cu1tura1 forecasts in this
o - L ] Acgsre
fﬁﬁgntTtat1ve 1nput

"fbom,‘lnc; The -




en

- performance and the derived model of the economic value of improved

2

Tnfbrmation."Singe the-performance estimates are theoretical in
nature the degree'to which the ascribed benefits can be realized
:;Hepends”critfba1]y oﬁ tﬁe continued development of information
“f-extractioh‘tééhniqﬁes and the Timits imposed by large scale
. real wor]dﬁopérationéf'5£Exper1ments are now in being which will

. clarify and define these limiting factors.
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